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Foort HAMELINKEXECUTIVE SUMMARY 
 
 
This study investigates the issue of optimal international portfolio diversification. It considers the major 
economic regions as asset classes and the analysis is done within the well-known framework of the 
International Capital Asset Pricing Model (ICAPM). The purpose is to develop a model that is able to 
forecast in a dynamic way (at each period t, for the next period t+1): 
- the  risk premiums for the World Market risk and for the currency risks; 
-  the sensitivities (betas) of the portfolio to these premiums; 
-  the optimal asset allocation; 
-  the optimal currency hedge. 
All of the above forecasts are made for the next period and tested “out-of-sample” over a ten year period. 
Our methodology significantly outperforms the MSCI World Index, with a higher average return and a lower 
standard deviation. 
 
One of the key assumptions of the CAPM (either the domestic CAPM or the international version of the 
model) is that investors have to be remunerated for the risk they take on any investment. The price of any 
asset has to be such that the perceived return (that is, the “expected return”), in excess of the risk free rate, is 
positive and an increasing function of risk. How much return investors require per unit of risk is the risk 
premium ; the level of risk is measured by the beta of the asset or the asset class. For the traditional CAPM 
this yields the famous relation E(Ri) −  Rf = β i ×  [E(RM) −  Rf] . 
 
It is important to realize that the only reason why investors are willing to take risk is their perception of a 
positive expected return (in excess of the risk free rate). In an international framework, for instance, many 
investors do not have strong convictions about future currency movements. In other words, they do not have 
a positive expected return on any currency. If this is the case, currency movements induce additional risk in 
the portfolio that is not remunerated by a positive risk premium. Such risk should then be hedged. 
 
This leads us to the concept of the International CAPM, which is used in this study. The first source of risk 
is the “World Market risk”, for which investors anticipate a positive return. The main equity regions 
considered in this study react more or less to changes in this world market portfolio. This is measured by 
beta coefficients. The other sources of risk of an international investor are the above-mentioned currency 
risks. The investor’s portfolio has, of course, exposures to these risk sources (measured by currency beta 
coefficients), and to each source of currency risk there is an associated currency risk premium. 
 
In this paper we explore ways to forecast the risk premiums on the one hand, and the exposures of a 
portfolio to these risk sources on the other hand. This leads to a model that predicts the next period’s 
expected returns (in excess of the risk free rate) on the world market portfolio and on each of the currencies 
involved. Typically, an investor with a US market exposure should hedge this position only if the anticipated 
risk premium on the US Dollar is insignificant or negative. 
 
We investigate different models to forecast the risk premiums (for the world market risk and for the currency 
risks) and the associated beta coefficients. The risk premiums are modeled using “instruments” such as 
interest rate differentials, but also a technical “trend” indicator, and the beta coefficients are obtained from 
conditional covariances between regional equity returns and currency returns. We use “regime-switching” 
models, which consider different covariances (and therefore beta coefficients) and different risk premiums in 
different “states-of-the-world”, also called “regimes”. The idea is that in some regimes the correlations 
between currencies and equity markets are very different. It may model the well-known observation that 
during market crashes the correlation between assets dramatically increases, taking out much of the needed 
diversification effect. In each regime we also allow our selected “instruments” to influence differently the 
risk premium (for instance, an increase in interest rates may have a positive effect on the risk premium in 
some cases, while the effect may be opposite in other regimes). 
 
We find that both the prices (risk premiums) and the quantities (beta coefficients) of risk are highly variable 
over time. Assuming them to be constant over time leads to severe misspecifications, and hence mispricing. 
We show that many of the tested specifications significantly outperform our benchmark, which is the World 
Market portfolio. This outperformance is due to higher average returns but also to a lower standard deviation 














Wklv sdshu uhylhzv vrph uhfhqw ghyhorsphqwv lq wkh duhd ri rswlpdo lqwhuqdwlrqdo sruwir0
olr glyhuvl￿fdwlrq dqg lqyhvwljdwhv lpsruwdqw lvvxhv iru ixwxuh uhvhdufk1 Lq wkh odwhvw prghov
sursrvhg lq wkh ￿qdqfldo olwhudwxuh wkdw jhqhudwh rswlpdo kroglqjv ryhu wlph/ erwk wkh txdq0
wlwlhv ri ulvnv +phdvxuhg e| wkh fryduldqfhv zlwk ydulrxv ulvn idfwruv, dqg wkh sulfhv ri ulvn
+ulvn suhplxpv, duh wlph ydu|lqj1 Wkh iruphu duh jhqhudoo| vshfl￿hg e| vrph DUFK surfhvv/
zkhuhdv wkh odwwhu duh hvwlpdwhg xvlqj lqvwuxphqwv vxfk dv glylghqg |lhog ru erqg suhplxpv1
Dydlodeoh phwkrgrorjlhv dqg wkh fkrlfh ri wkh lqvwuxphqwv duh glvfxvvhg lq jhqhudo whupv/
dv zhoo dv wkh ihdvlelolw| ri dfwlyh pdqdjhphqw zlwk wkhvh prghov1 L whvw d ihz ri wkhp
e| frqvlghulqj d Vzlvv lqyhvwru zkr krogv dq lqwhuqdwlrqdoo| glyhuvl￿hg sruwirolr lqfoxglqj
orfdo vwrfn lqglfhv/ dv zhoo dv dq h{srvxuh wr uhdo hvwdwh/ dqg zkr pd| khgjh vrph ru doo
ri klv fxuuhqf| ulvn1 Wkh hpslulfdo whvwv duh shuiruphg xvlqj d yhu| lqwxlwlyh dqg srzhuixo
qrq0sdudphwulf wkuhvkrog DUFK vshfl￿fdwlrq wr prgho wlph0ydu|lqj vrxufhv ri ulvn1 Ulvn
suhplxpv duh hvwlpdwhg xvlqj vlpsoh dqg zlgho| dydlodeoh lqvwuxphqwv lq wkh irup ri pdfur0
hfrqrplf yduldeohv/ exw dovr lqglfdwruv xvhg lq whfkqlfdo dqdo|vlv1 Erwk wkh lq0vdpsoh dqg
wkh rxw0ri0vdpsoh uhvxowv vxjjhvw wkdw wkh sursrvhg qrq0sdudphwulf dssurdfk lv srzhuixo dqg
pd| frqvwlwxwh d ydoxdeoh wrro iru lqwhuqdwlrqdo sruwirolr pdqdjhuv1
Nh|zrugv= Vzlvv lqvwlwxwlrqdo lqyhvwruv/ pl{hg0dvvhw sruwirolrv/ frqglwlrqdo dvvhw doorfdwlrq/
khgjlqj fxuuhqf| ulvn/ TWDUFK prgho/ lqwhuqdwlrqdo sruwirolrv/ iruhljq h{fkdqjh iruhfdvwlqj1
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Lqwhuqdwlrqdo glyhuvl￿fdwlrq lv/ wrgd|/ rqh ri wkh pdmru wrslfv lq joredo dvvhw pdqdjhphqw1
Wkh ehqh￿wv iurp vxfk glyhuvl￿fdwlrq vhhp wr eh fohdu= wkh pruh dvvhwv zlwk orz fruuhodwlrq
dprqj hdfk rwkhu duh dgghg wr wkh sruwirolr/ wkh orzhu wkh ryhudoo sruwirolr*v yduldqfh1 Lq
sudfwlfh/ krzhyhu/ wkh sruwirolr pdqdjhu lv idfhg e| d qxpehu ri sureohpv wkdw L eholhyh zloo
eh wkh pdmru fkdoohqjh erwk iru dfdghplfv dqg sudfwlwlrqhuv lq wkh frplqj |hduv1 Wkh fuxfldo
lvvxhv lq wklv frqwh{w dqg wkdw duh glvfxvvhg khuh ghdo zlwk wkh lghqwl￿fdwlrq ri wkh ulvn idfwruv
lq￿xhqflqj lqwhuqdwlrqdo dvvhw uhwxuqv rq rqh kdqg/ dqg zlwk wkh prgholvdwlrq ri krz dvvhw sulfhv
uhdfw wr fkdqjhv lq wkhvh idfwruv rq wkh rwkhu1 Lq sduwlfxodu/ fxuuhqf| ulvn lv d pdmru vrxufh
ri ulvn iru wkh lqwhuqdwlrqdoo| glyhuvl￿hg lqyhvwru dqg uhfhqw hylghqfh vxjjhvwv wkh lpsruwdqfh
ri d mrlqw prgholvdwlrq ri fxuuhqflhv dqg dvvhw sulfhv pryhphqwv1 Dfdghplfv kdyh douhdg| iru
d orqj wlph dujxhg lq idyru ri dq lqwhjudwhg ghflvlrq surfhvv erwk iru fxuuhqflhv dqg dvvhwv/
exw sudfwlwlrqhuv riwhq idyru d vhsdudwh rqh1 W|slfdoo|/ d odujh lqvwlwxwlrq*v sruwirolr zloo eh
pdqdjhg e| pxowlsoh pdqdjhuv zkr iroorz wkh frqvwudlqwv lpsrvhg e| wkh joredo lqyhvwphqw
frpplwwhh1 Wklv frpplwwhh ghflghv rq wkh doorfdwlrqv wr hdfk jhrjudsklfdo duhd dqg wr hdfk
fxuuhqf| dqg ohdyhv rqo| yhu| olwwoh iuhhgrp wr wkh lqglylgxdo pdqdjhu1 Fxuuhqf| pdqdjhuv zloo
wkhq eh uhvsrqvleoh iru wkh sruwirolr*v fxuuhqf| h{srvxuhv1 Dvvhw pdqdjhuv/ lq wxuq/ ghflgh rq
wkh doorfdwlrq wr ydulrxv dvvhw fodvvhv ru lqglylgxdo dvvhwv/ jhqhudoo| iroorzlqj lq0krxvh dqdo|vwv*
uhfrpphqgdwlrqv1
Wkh fxuuhqf| h{srvxuh lv d frpsoh{ lvvxh1 Frusrudwlrqv kdyh lqglylgxdo srolflhv uhjduglqj
khgjlqj ru qrw ri wkhlu h{srvxuh/ dqg wkhuhiruh d frxqwu|*v pdunhw lqgh{ lv d zhljkwhg dyhudjh
ri frusrudwlrqv zlwk gl￿huhqw h{srvxuhv1 Dowkrxjk lw fdq eh dujxhg wkdw lq wkh orqj uxq fxuuhq0
flhv iroorz d phdq0uhyhuwlqj surfhvv dqg wkdw Sxufkdvlqj Srzhu Sdulw| +SSS, krogv/ vkruw uxq
ghyldwlrqv dsshdu wrr lpsruwdqw dqg wr odvw iru wrr orqj wr dffhsw d ghflvlrq ri qrw khgjlqj fxu0
uhqf| h{srvxuh1 Iurrw +4<<6,/ iru lqvwdqfh/ lqyhvwljdwhv 533 |hduv ri XV dqg XN gdwd rq vwrfnv
dqg erqgv dqg frqfoxghv wkdw khgjlqj uhgxfhv yrodwlolw| lq wkh vkruw uxq +8w r;| h d u v ,/e x w
lqfuhdvhv yrodwlolw| ryhu orqjhu kroglqj shulrgv1 Lq rwkhu zrugv/ li wkh lqyhvwru lv rqo| frqfhuqhg
zlwk orqj whup uhwxuqv dqg wkh yrodwlolw| ri wkhvh uhwxuqv/ qr khgjlqj vkrxog eh grqh1 Li vkruw
whup yrodwlolw| lv lpsruwdqw +iru lqvwdqfh/ iru wkh dqqxdo shuirupdqfh vwdwlvwlfv ri wkh pdqdjhu,/
fxuuhqf| ulvn vkrxog eh khgjhg1 Wkh XV ￿qdqfldo dqdo|vw*v rujdql}dwlrq DLPU vxjjhvwv wkdw wkh
shuirupdqfh ri lqwhuqdwlrqdo lqyhvwruv vkrxog eh phdvxuhg lq orfdo whupv/ ixoo| khgjhg djdlqvw
fxuuhqf| ulvn1 Lw frqvlghuv wkdw ghyldwlrqv iurp wklv uxoh lqyroyh dfwlyh lqyhvwphqw ghflvlrqv wkdw
vkrxog eh hydoxdwhg dv vxfk1
Lq sudfwlfh/ fxuuhqf| ulvn pd| eh khgjhg lq gl￿huhqw pdqqhuv1 Iru h{dpsoh/ wkh pdqgdwh ri
dq dfwlyh fxuuhqf| pdqdjhu pd| frqvlvw lq ghflglqj rq krz pxfk ri wkh wrwdo fxuuhqf| h{srvxuh
lv wr eh khgjhg dw dq| srlqw lq wlph1 D jrrg pdqdjhu pd| jhqhudwh sur￿wv odujhu wkdq zkdw
zrxog kdyh ehhq rewdlqhg erwk lq wkh khgjhg dqg lq wkh xqkhgjhg fdvh/ exw d edg rqh pd|
uhsruw vxevwdqwldo orvvhv1 Fohduo|/ wkh vxffhvv ri d ihz dfwlyh fxuuhqf| pdqdjhuv vkrxog qrw
eh vhhq dv hylghqfh wkdw wklv lv wkh rswlpdo vwudwhj| wr iroorz1 Wkhuh lv d ulvn lqyroyhg/ dv lv
wkh fdvh iru dq| rwkhu lqyhvwphqw/ dqg wkhuhiruh wkh ghflvlrq vkrxog eh frqvlghuhg dv dq dfwlyh
lqyhvwphqw ghflvlrq/ dv vxjjhvwhg e| wkh DLPU jxlgholqhv1
Dfwlyh fxuuhqf| pdqdjhphqw vkrxog eh hydoxdwhg dv dq| rwkhu lqyhvwphqw1 Wkh iruhljq h{0
fkdqjh +I[, pdunhw lv dprqj wkh prvw oltxlg rqhv/ h{shfwhg wr eh kljko| h￿flhqw gxh wr wkh
yhu| odujh qxpehu ri wudghuv dqg yhu| orz wudqvdfwlrq frvwv1 Dowkrxjk wkhuh lv qrz lqfuhdvlqj
hylghqfh/ lq sduwlfxodu iurp dfdghplf vwxglhv/ wkdw vrph whfkqlfdo wudglqj uxohv pd| eh suri0
lwdeoh lq vrph fdvhv/ iruhfdvwlqj ￿uvw dqg vhfrqg rughu prphqwv ri fxuuhqf| uhwxuqv frphv zlwk
hvwlpdwlrq huuru sureohpv ^vhh/ iru lqvwdqfh/ Jdugqhu dqg Vwrqh +4<<8, iru d glvfxvvlrq‘1 Wkhuh0
iruh/ whfkqltxhv wkdw duh edvhg rq wkhvh hvwlpdwhv wr jhqhudwh rswlpdo khgjlqj srolflhv duh riwhq
5xqvwdeoh ryhu wlph/ dqg xqvxlwdeoh iru rxw0ri0vdpsoh iruhfdvwlqj1 Wkh %xqlyhuvdo khgjh udwlr%
sursrvhg e| Eodfn +4<;<,/ iru lqvwdqfh/ lqyroyhv rqo| wkh wzr ￿uvw rughu prphqwv ri wkh uhwxuqv
rq wkh zruog pdunhw sruwirolr dqg rq wkh fxuuhqflhv/ exw dsshduv gl￿fxow wr xvh lq sudfwlfh1
Lq wklv vwxg| L zloo frqvlghu fxuuhqflhv dv dvvhw fodvvhv1 Vshfl￿f frqvwudlqwv rq wkh zhljkwv ri
wkhvh dvvhwv lq wkh sruwirolr duh ghulyhg lq rughu wr uhpdlq lq d iudphzrun wkdw lv dffhswdeoh wr
d w|slfdo joredo dvvhw pdqdjhu1
Zkloh fxuuhqf| h{srvxuh lv dq lpsruwdqw dvshfw ri wkh wrwdo doorfdwlrq surfhvv/ vxfk d surfhvv
lv edvhg rq dq dvvhw sulflqj prgho1 Wkh FDSP/ iru lqvwdqfh/ jlyhv d vlpsoh olqhdu uhodwlrq
ehwzhhq wkh h{shfwhg uhwxuq rq dq dvvhw dqg wkh h{shfwhg uhwxuq rq wkh %pdunhw sruwirolr%1 Wkh
uhodwlrq fdq eh vhhq dv wkh surgxfw ri wkh txdqwlw| ri ulvn idfhg zkhq lqyhvwlqj lq wkh sduwlfxodu
dvvhw +phdvxuhg e| wkh dvvhw*v fryduldqfh zlwk wkh pdunhw sruwirolr, wlphv wkh sulfh ri ulvn +wkdw
ghshqgv rq wkh pdunhw ulvn suhplxp,1 Wkhuh lv qrz dpsoh dfdghplf vxssruw iru dvvhw sulflqj
prghov wkdw h{whqg wkh wudglwlrqdo FDSP lq wkuhh glvwlqfw zd|v= wlph0ydu|lqj txdqwlwlhv ri ulvn
+fryduldqfhv,/ wlph0ydu|lqj sulfhv ri ulvn +ulvn suhplxpv,/ dqg dgglwlrqdo vrxufhv ri ulvn ryhu wkh
pdunhw ulvn1 Wkh remhfwlyh ri wklv vwxg| lv wr glvfxvv wkh surjuhvv wkdw kdv ehhq pdgh lq wkhvh
duhdv dqg zkdw zh fdq h{shfw iurp uhvhdufk lq wkh qhdu ixwxuh1 Ixuwkhupruh/ lw zloo suhvhqw dqg
whvw vrph whfkqltxhv wkdw duh eholhyhg ydoxdeoh lq wkhvh dssurdfkhv1
Wkh wkuhh pdlq sduwv wkdw iroorz ghdo uhvshfwlyho| zlwk d uhylhz ri vrph ri wkh prvw lqwhu0
hvwlqj dqg surplvlqj vwxglhv lq wkh deryh duhdv +lq Vhfwlrq 5,/ zlwk wkh vshfl￿fdwlrq ri d yhu|
jhqhudo prgho iru uhwxuq dqg ulvn +lq Vhfwlrq 6,/ dqg ￿qdoo| zlwk dq hpslulfdo dssolfdwlrq +lq
Vhfwlrq 7,1 Wkh odwwhu lv dq looxvwudwlyh iudphzrun edvhg rq vrph uhfhqw hfrqrphwulf ghyhors0
phqwv1 Lw lv dssolhg wr pdlq vwrfn lqglfhv dv zhoo dv wr dq lqgh{ ri uhdo hvwdwh ixqgv/ zklfk lv dq
dvvhw fodvv eholhyhg wr sod|/ dw ohdvw srwhqwldoo|/ dq lpsruwdqw uroh lq wkh glyhuvl￿fdwlrq surfhvv1
H{fkdqjh udwhv duh h{solflwo| wdnhq lqwr dffrxqw/ dv zhoo dv uhdolvwlf frqvwudlqwv rq sruwirolr





Wkh uhodwlrq ehwzhhq h{shfwhg ru uhdol}hg uhwxuqv dqg vrxufhv ri ulvn lv fhqwudo lq doo sulflqj
wkhrulhv1 Fohduo|/ kljkhu ulvn kdv wr eh uhzdughg e| kljkhu h{shfwhg uhwxuqv/ lq rughu wr lqgxfh
lqyhvwruv wr krog ulvnlhu dvvhwv1 Dq dvvhw zlwk d wrr orz h{shfwhg uhwxuq jlyhq lwv ohyho ri ulvn
zloo gurs lq sulfh/ wkhuhe| lqfuhdvlqj lwv h{shfwhg uhwxuq1 Lq wkh jhqhudo FDSP/ wkh uhwxuq0ulvn
uhodwlrq iru dq| jlyhq dvvhw l lv zulwwhq dv=
H+U￿, ￿ U8 @ ￿￿^H+U￿, ￿ U8‘> +514,
zkhuh U8 lv wkh uhwxuq rq wkh ulvn iuhh dvvhw/ H+U￿, lv wkh h{shfwhg uhwxuq rq dvvhw l/ H+U￿,
lv wkh h{shfwhg uhwxuq rq wkh pdunhw sruwirolr frqwdlqlqj doo wudghg dvvhwv lq wkh hfrqrp|/ dqg





Wkh FDSP uhodwlrq lv qrw dq lqwhuwhpsrudo uhodwlrq/ exw lw pd| eh xvhg dqg whvwhg lq dq
lqwhuwhpsrudo iudphzrun1 Zh pd| lqwurgxfh wlph lqglfhv dqg zulwh wkh h{shfwhg uhwxuq iru
dvvhw l dw wlph w dv=
6H+U￿c|, ￿U8c| @ e ￿￿c|^H+U￿c|, ￿ U8c|‘> +516,




zkhuh FRY|+U￿>U ￿m!|3￿,d q gYD U |+U￿m!|3￿, duh frqglwlrqdo prphqw hvwlpdwhv iru wlph
w jlyhq dydlodeoh lqirupdwlrq +!|3￿, xs wr wlph w ￿ 41 Wkh ulvn iuhh udwh U8c| lv wkh uhwxuq rq
d ulvn iuhh }hur frxsrq erqg ehwzhhq wlph w ￿ 4d q gw1 Lw vkrxog eh qrwhg wkdw htxdwlrq 516
lv wkh %dvvhw sulflqj uhvwulfwlrq%/ wkdw lv/ wkh uhodwlrq ehwzhhq uhwxuq dqg ulvn wkdw zh zlvk wr
￿qg1 Vr idu/ qrwklqj lv vdlg derxw wkh vshfl￿fdwlrq ryhu wlph iru wkh frqglwlrqdo yduldqfhv dqg
fryduldqfhv1
Li wkh vwurqj dvvxpswlrq lv pdgh wkdw yduldqfhv dqg fryduldqfhv uhpdlq frqvwdqw ryhu wlph/
wkh ehvw hvwlpdwh iru wkh uhwxuq rq dq| dvvhw l dv zhoo dv rq wkh pdunhw sruwirolr P lv qrwklqj
hovh wkdq wkh klvwrulfdo phdq1 Vlploduo|/ wkh ehvw hvwlpdwh iru wkh yduldqfhv dqg fryduldqfhv +dqg
khqfh wkh ehwd frh￿flhqw, lv vlpso| wkh klvwrulfdo pdwul{ ri yduldqfhv0fryduldqfhv1
Gl￿huhqw phwkrgrorjlhv kdyh ehhq sursrvhg lq wkh ￿qdqfldo olwhudwxuh lq rughu wr whvw wkh
ydolglw| ri ehwd dv d phdvxuh ri ulvn1 Qrqh ri wkhp lv zlwkrxw gudzedfnv/ exw wkh dssurdfk e|
Idpd dqg PdfEhwk +4<:6, lv wkh rqh wkdw kdv ehhq prvwo| xvhg xqwlo wrgd|1 Wkh lghd lv wr
hvwlpdwh wkh e ￿￿c| frh￿flhqwv ryhu klvwrulfdo gdwd xs wr gdwh w￿4/ dqg wr lqyhvwljdwh wkh uhwxuq0
ulvn uhodwlrq dw wlph w1 Wklv lv grqh wkurxjk d furvv0vhfwlrqdo uhjuhvvlrq ri doo revhuyhg uhwxuqv
U￿c| rq wkhlu uhvshfwlyh hvwlpdwhg ehwd frh￿flhqwv e ￿￿c|1 Irupdoo|/ zh kdyh iru hdfk shulrg w=
U￿c| ￿ U8c| @ e ￿fc| . e ￿￿c|e ￿￿c| . %￿c|> iru d jlyhq w= +518,
Wkh deryh uhjuhvvlrq lqyroyhv wkh Q dydlodeoh dvvhwv lq wkh hfrqrp| dw hdfk wlph w1L q
rughu wr ydolgdwh wkh FDSP/ wkh frh￿flhqw e ￿fc| vkrxog qrw eh/ rq dyhudjh/ gl￿huhqw iurp }hur
+rwkhuzlvh e ￿￿c| lv qrw wkh rqo| vrxufh ri ulvn, dqg e ￿￿c| vkrxog eh vljql￿fdqwo| srvlwlyh +rwkhuzlvh
e ￿￿c| lv qrw d vljql￿fdqw phdvxuh ri ulvn,1 Ri frxuvh/ dv qrwhg e| Shwwhqjloohw do1 +4<<:, dqg rwkhuv/
wklv srvlwlyh uhodwlrq ehwzhhq uhwxuq dqg ehwd lv zkdw rqh h{shfwv rq dyhudjh1 Lq h{shfwdwlrqv/
wkh uhwxuq rq wkh pdunhw sruwirolr lq h{fhvv ri wkh ulvn iuhh udwh kdv wr eh srvlwlyh/ rwkhuzlvh
qr lqyhvwru zrxog krog wkh ulvn| pdunhw sruwirolr1 Lq uhdol}dwlrqv/ wkh pdunhw sruwirolr uhwxuq lv
riwhq ehorz wkh uhwxuq rq wkh ulvn iuhh udwh dqg/ lq vxfk shulrgv/ rqh fdq h{shfw wkh uhwxuq rq
kljk ehwd dvvhwv wr eh orzhu wkdq uhwxuqv rq orz ehwd dvvhwv1 Li wkh lqyhvwru nqhz lq dgydqfh wkh
qh{w shulrg*v pdunhw pryhphqw/ kh zrxog vhohfw kljk ehwd vwrfnv zkhq dq xspryh lv h{shfwhg/
dqg orz ehwd vwrfnv zkhq d grzqpryh lv olnho|1
Rqfh wkh deryh htxdwlrq dqg wkh e ￿fc| dqg e ￿￿c| frh￿flhqwv hvwlpdwhg/ wkh zlqgrz lv pryhg
rqh shulrg iruzdug1 Revhuydwlrqv xs wr wlph w duh qrz xvhg wr hvwlpdwh wkh ehwd frh￿flhqwv dqg
revhuydwlrqv dw wlph w.4 duh xvhg wr hvwlpdwh e ￿fc|n￿ dqg e ￿￿c|n￿1 Wkh ydolglw| ri ehwd frh￿flhqwv
dv d phdvxuh ri dq dvvhw*v ulvn lv wkhq phdvxuhg e| wkh vljql￿fdqfh ri wkh dyhudjh e ￿￿ frh￿flhqw1
Wkh uhvxowv uhsruwhg lq ryhu 58 |hduv ri hpslulfdo ￿qdqfldo vwxglhv vkrz olwwoh hylghqfh lq
idyru ri wkh FDSP1 Prvw vwxglhv ￿qg hlwkhu yhu| zhdn hylghqfh/ ru qr hylghqfh dw doo/ ri wkh
ydolglw| ri ehwd dv dq dvvhw*v phdvxuh ri ulvn/ zkloh rwkhu yduldeohv/ vxfk dv sulfh0wr0hduqlqjv
udwlrv ru wkh ￿up*v vl}h/ duh jhqhudoo| irxqg wr eh pruh vljql￿fdqw wkdq ehwd1 Lq d vhplqdo sdshu/
Idpd dqg Iuhqfk +4<<5, frqfoxghg wkdw wkh sdvw 83 |hduv ri XV gdwd zhuh xqdeoh wr ydolgdwh wkh
FDSP/ wkxv ghvljqdwlqj wkh wrgd| prvw zlgho| xvhg dvvhw sulflqj prgho dv %ghdg%1 Vxevhtxhqw
vwxglhv kdyh wulhg wr frph xs zlwk h{sodqdwlrqv iru wklv idloxuh/ zklfk jhqhudoo| idoo zlwklq rqh
ri wkh iroorzlqj wkuhh fdwhjrulhv= d, Gdwd lvvxhv= vwduwlqj zlwk Uroo*v +4<::, fulwltxh/ lw kdv ehhq
7dujxhg wkdw wkh FDSP fdqqrw eh whvwhg ehfdxvh wkh frpsrvlwlrq ri wkh %wuxh% pdunhw sruwirolr
lv xqnqrzq1 Ixuwkhupruh/ wkh gdwd vhwv dydlodeoh wr wkh uhvhdufkhu riwhq vx￿hu iurp eldvhv/
vxfk dv wkh vxuylydo eldv> e, Whvwlqj lvvxhv= lw kdv ehhq dujxhg wkdw dowkrxjk wkh FDSP lv d
pdwkhpdwlfdoo| ghulyhg prgho wkdw kdv wr eh wuxh/ wkh whvwlqj phwkrgrorj| lv lqdghtxdwh/ exw
xqiruwxqdwho| wkhuh lv qr ehwwhu rqh dydlodeoh> f, Vshfl￿fdwlrq uhodwhg lvvxhv= khuh lw lv dujxhg
wkdw wkh FDSP lv qrw wkh uljkw sulflqj prgho/ ru dw ohdvw wkdw rwkhu ulvn idfwruv wkdq wkh pdunhw
ulvn dorqh gulyh uhwxuqv1 Vxfk idfwruv lqfoxgh wkh ￿up*v vl}h/ dffrxqwlqj yduldeohv vxfk dv sulfh
hduqlqjv udwlrv/ hwf1
Wkh odwwhu lvvxh lv lpsruwdqw1 Wkh FDSP lv dq htxloleulxp prgho pdwkhpdwlfdoo| ghulyhg
iurp wkh vwdqgdug dvvxpswlrqv xqghuo|lqj wkh Prghuq Sruwirolr Wkhru|1 Dowhuqdwlyh sulflqj
prghov kdyh ehhq sursrvhg lq wkh olwhudwxuh/ lq sduwlfxodu pxowl0idfwru prghov +zkhuh wkh DSW
lv ghulyhg xqghu vshfl￿f qrq0duelwudjh dvvxpswlrqv,1 Lq wkh fdvh ri d jhqhudo N0idfwru prgho/
zh kdyh wkh iroorzlqj uhodwlrq dw hdfk wlph w=




zkhuh wkh frh￿flhqwv e￿c& duh lqwhusuhwhg dv wkh txdqwlw| ri ulvn n lqyroyhg lq dvvhw l dqg ￿&c|
dv wkh sulfh ri ulvn n dw wlph w1 Wkh whup ￿fc| lv lqwhusuhwhg dv wkh uhwxuq rq wkh ulvn iuhh dvvhw
ru/ dowhuqdwlyho| ^vhh Eodfn +4<:5,‘/ dv wkh uhwxuq rq d }hur0ehwd sruwirolr1
5151 Lqwhuqdwlrqdo Dvvhw Sulflqj Prghov
Zkloh wkh uhdvrqv iru frqvlghulqj pxowlsoh ulvn vrxufhv pd| vhhp ohvv reylrxv lq d sxuho| grphvwlf
hfrqrp|/ wkh| ehfrph reylrxv lq dq lqwhuqdwlrqdo frqwh{w/ zkhuh/ lq dgglwlrq wr %pdunhw ulvn%/
wkh lqwhuqdwlrqdoo| glyhuvl￿hg lqyhvwru lv dovr frqiurqwhg zlwk fxuuhqf| ulvnv1 Wkhvh prghov zhuh
lqlwldoo| sursrvhg e| Vroqln +4<:7,/ Phuwrq +4<;3,/ Vhufx +4<;3,/ dqg Dgohu dqg Gxpdv +4<;6,/
dprqj rwkhuv1 Lw fdq eh vkrzq wkdw zkhq wkh vhw ri dydlodeoh dvvhwv lv frqvwdqw dqg zkhq doo
iruhljq lqyhvwphqwv duh ixoo| khgjhg iru fxuuhqf| ulvn/ doo lqyhvwruv vkrxog krog d frpelqdwlrq ri
wkh qdwlrqdo ulvn iuhh dvvhw dqg d frpprq sruwirolr wkdw lqfoxghv doo dydlodeoh dvvhwv/ lqfoxglqj
orfdo ulvn iuhh dvvhwv1 Wklv lv riwhq uhihuuhg wr dv wkh svhxgr0vhsdudwlrq wkhruhp1
Wkh sulflqj prghov lqwurgxfhg e| Vhufx +4<;3, dqg Dgohu dqg Gxpdv +4<;6, uhpdlq wkh
iudphzrun xvhg lq prvw uhfhqw vwxglhv wrgd|1 Wkh xqghuo|lqj dvvxpswlrq/ qhfhvvdu| iru wkh
prgho wr eh ghulyhg/ lv wkdw Sxufkdvlqj Srzhu Sdulw| +SSS, grhv qrw krog/ zklfk lv dq dvvxps0
wlrq iru zklfk uhdvrqdeoh hpslulfdo hylghqfh fdq eh irxqg1 Xqghu wklv dvvxpswlrq/ lqyhvwruv lq
gl￿huhqw frxqwulhv shufhlyh gl￿huhqw udwhv ri uhwxuq iru wkh vdph dvvhw/ phdvxuhg lq uhdo whupv1
Wkhuhiruh/ rswlpdo sruwirolrv zloo gl￿hu dprqj frxqwulhv dqg lw fdq eh vkrzq wkdw/ lq htxlole0
ulxp/ wkh h{shfwhg uhwxuq rq dq| dvvhw lq wkh hfrqrp|/ ghqrplqdwhg lq wkh lqyhvwru*v fxuuhqf|
ri uhihuhqfh/ lv htxdo wr wkh uhwxuq rq wkh ulvn iuhh grphvwlf dvvhw soxv d vhulhv ri suhplxpv
iru h{srvxuh wr joredo pdunhw ulvn dqg vshfl￿f fxuuhqf| ulvnv1 Li Vzlw}huodqg lv wkh frxqwu| ri
uhihuhqfh/ dqg FKI khuhdiwhu uhihuv wr wkh Vzlvv Iudqf/ wkh iroorzlqj dvvhw sulflqj htxdwlrq lv
rewdlqhg iru hdfk dvvhw lq wkh hfrqrp| dqg dw hdfk wlph w=
H+U￿M8












‘o,_c| duh/ uhvshfwlyho|/ wkh uhwxuqv dw wlph w rq dvvhw l/r qw k h
ulvn iuhh dvvhw lq Vzlw}huodqg dqg rq wkh zruog pdunhw sruwirolr/ doo phdvxuhg lq Vzlvv Iudqfv1
8Wkh whupv u￿M8
&c| duh wkh uhwxuqv rq wkh N fxuuhqflhv dqg wkh ￿&c| frh￿flhqwv phdvxuh wkh sulfh
ri iruhljq h{fkdqjh ulvn n1
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6141 Prgholqj Frqglwlrqdo Ulvn dqg Uhwxuq
Wkh FDSP/ dv zhoo dv lwv lqwhuqdwlrqdo h{whqvlrq suhvhqwhg deryh/ duh dvvhw sulflqj uhvwulfwlrqv/
exw gr qrw vshfli| krz wkh ulvn suhplxpv dqg ulvn idfwruv duh rewdlqhg iru d jlyhq wlph w1
Wkhuhiruh/ wkhvh prghov duh qrw ixoo prghov wkdw pd| eh xvhg/ iru lqvwdqfh/ iru ghulylqj rswlpdo
dvvhw kroglqjv1 Ydulrxv srvvlelolwlhv pd| eh frqvlghuhg dw wklv vwdjh1 Vroqln +4<<6,/ iru lqvwdqfh/
xvhv xqfrqglwlrqdo fryduldqfhv dqg wkh g|qdplfv rqo| frph iurp wlph ydu|lqj ulvn suhplxpv1
Ulvn suhplxpv dw wlph w duh rewdlqhg wkurxjk d olqhdu frpelqdwlrq ri %lqvwuxphqwv%/ vxfk dv wkh
ghidxow suhplxp/ wkh zruog glylghqg |lhog/ hwf1/ revhuyhg dw wlph w￿41 D qdwxudo vshfl￿fdwlrq ri
wkh ulvn idfwruv/ wkurxjk wkh fryduldqfhv ehwzhhq uhwxuqv/ lv dq DUFK fodvv ri prgho1 Eroohuvohy/
Hqjoh dqg Zrrogulgjh +4<;;, vxjjhvw d pxowlyduldwh FDSP zlwk wkuhh dvvhw fodvvhv dqg zlwk
frqvwdqw sulfhv ri ulvn/ exw zkhuh wkh fryduldqfhv ehwzhhq dvvhwv iroorz d pxowlyduldwh DUFK
surfhvv1 Wkh h{whqvlrq ri vxfk prghov wr odujhu qxpehuv ri dvvhwv lv gl￿fxow ehfdxvh ri wkh
lqfuhdvh lq wkh qxpehu ri sdudphwhuv/ lq sduwlfxodu iru wkh fryduldqfh pdwulfhv/ exw dovr iru wkh
ulvn suhplxp hvwlpdwhv li wkh odwwhu duh edvhg rq lqvwuxphqwv1
Gh Vdqwlv dqg J￿ hudug +4<<:/ 4<<;, kdyh ghyhorshg dq lqwhuhvwlqj dssurdfk vhhnlqj wr olplw
wkh qxpehu ri sdudphwhuv wr eh hvwlpdwhg dqg doorzlqj odujhu pxowlyduldwh vshfl￿fdwlrqv1 Lq
rughu wr vlpsoli| wkh hvwlpdwlrq surfhgxuh/ wkh wlph0ydu|lqj pdwul{ ri yduldqfhv0fryduldqfhv
ehwzhhq dvvhwv lv ghfrpsrvhg lqwr d ￿{hg +xqfrqglwlrqdo, frpsrqhqw ghqrwhg Kf dqg d wlph0
ydu|lqj +frqglwlrqdo, frpsrqhqw ghqrwhg K|=
K| @ Kf ￿ +￿￿￿ ￿ dd￿ ￿ ee￿, .d d ￿ ￿ %|3￿%￿
|3￿ .e e ￿ ￿ K|3￿> +614,
zkhuh d dqg e duh Q0glphqvlrqdo yhfwruv ri sdudphwhuv wr eh hvwlpdwhg/ dqg ￿ ghqrwhv wkh
Kdgdpdug +hohphqw e| hohphqw, pdwul{ surgxfw1 Zkloh vxfk vlpsol￿fdwlrqv duh dq hpslulfdo
qhfhvvlw|/ wkh| duh ohvv dwwudfwlyh iurp d wkhruhwlfdo dqg lqwxlwlyh shuvshfwlyh1 Rq wkh rwkhu
kdqg/ wlph0ydu|lqj fryduldqfhv ehwzhhq dvvhwv dqg dvvhw fodvvhv lv dovr dq hpslulfdo hylghqfh1
Wkh uhfhqw wxuprlo lq ￿qdqfldo pdunhwv durxqg wkh zruog lq wkh vxpphu ri 4<<; kdv vkrzq
rqfh pruh wkdw gxulqj vxfk shulrgv wkh fruuhodwlrq ehwzhhq dvvhwv lqfuhdvhv gudpdwlfdoo|1 Dw
wlphv zkhq lqwhuqdwlrqdo glyhuvl￿fdwlrq lv prvw qhhghg +zkhq pdunhwv jr grzq,/ wklv lqfuhdvh
lq fruuhodwlrqv wdnhv dzd| pxfk ri wkh sruwirolr glyhuvl￿fdwlrq h￿hfw1
Klvwrulfdo fruuhodwlrqv ehwzhhq dvvhwv/ phdvxuhg ryhu orqjhu shulrgv/ fdq wkhuhiruh eh h{0
shfwhg wr eh kljko| lq￿xhqfhg e| wkh shulrgv ri wxuprlo1 Zkhq wkhvh klvwrulfdo fruuhodwlrqv duh
xvhg wr ghulyh rswlpdo dvvhw kroglqjv/ d vxe0rswlpdo doorfdwlrq fdq eh h{shfwhg gxulqj %qrupdo%
pdunhw frqglwlrqv zkhq wkh dfwxdo fruuhodwlrq ehwzhhq dvvhwv lv orzhu wkdq wkh klvwrulfdo dyhudjh
fruuhodwlrq1 Wklv doorfdwlrq lv suredeo| dovr vxe0rswlpdo lq shulrgv ri wxuprlo/ zkhuh wkh dfwxdo
fruuhodwlrqv duh pxfk kljkhu1 Lw zrxog wkhuhiruh eh qdwxudo wr frqvlghu d zruog zlwk wzr uhjlphv
dw ohdvw/ rqh fruuhvsrqglqj wr qrupdo pdunhw frqglwlrqv/ dqrwkhu wr shulrgv ri wxuprlo1
Uhjlph dqg wkuhvkrog prghov kdyh ehhq ghyhorshg/ whvwhg dqg lpsuryhg vlqfh wkh odwh hljkw0
lhv ^vhh lq sduwlfxodu Kdplowrq +4<<3,/W r q j+4<<3,/W h u ￿ dvyluwd dqg Dqghuvrq +4<<5,/ Jrxul￿ hurx{
dqg Prqiruw +4<<5, dqg Srwwhu +4<<8,‘1 Wkh gl￿fxow|/ krzhyhu/ ri lpsohphqwlqj wkuhvkrog prg0
hov/ dqg rqh ri wkh uhdvrqv iru wkhlu olplwhg vxffhvv/ lv wkdw wkh sduwlwlrqlqj phwkrg lv prvwo|
duelwudu| dqg dw wkh vdph wlph d fuxfldo sduw ri wkh vshfl￿fdwlrq1 Wkh wkuhvkrog prgho sursrvhg
9e| Jrxul￿ hurx{ dqg Prqiruw +4<<5, lv ri sduwlfxodu lqwhuhvw ehfdxvh erwk wkh phdq dqg wkh ydul0
dqfh duh frqglwlrqdo rq d %vwdwh0ri0wkh0zruog%1 Ixuwkhupruh/ wkh ￿h{lelolw| lq wkh fkrlfh ri erwk
wkh sduwlwlrqlqj yduldeoh dqg wkh wkuhvkrogv wxuqv wkh prgho lqwr dq lghdo iudphzrun iru uhs0
uhvhqwlqj wkh hfrqrplf hqylurqphqw wkurxjk %vwdwhv0ri0wkh0zruog% zlwk yhu| suhflvh hfrqrplf
lqwhusuhwdwlrqv1 Lw zloo eh wkh edvlv iru p| hpslulfdo dssolfdwlrq ghvfulehg lq wkh qh{w vhfwlrqv1
Lq wklv prgho/ wkh frqglwlrqdo ￿uvw dqg vhfrqg rughu prphqwv duh ixqfwlrqv ri d sduwlwlrqlqj
yduldeoh ] wkurxjk d vhw ri wkuhvkrogv1 Ohw M eh wkh qxpehu ri sduwlwlrqv ri LU?1 Hdfk ri wkhvh
sduwlwlrqv lv ghqrwhg D￿ dqg lv dvvrfldwhg zlwk d elqdu| fkdudfwhulvwlf ixqfwlrq L￿￿/ zklfk wdnhv
wkh ydoxh 4 li wkh sduwlwlrqlqj yduldeoh ]|3￿ ehorqjv wr D￿ dqg 3 rwkhuzlvh1 Irupdoo|/ wkh ￿uvw










zkhuh ￿￿ +m @4 >===>M, duh Q0glphqvlrqdo yhfwruv dqg ￿2
￿ +m @4 >===>M, duh v|pphwulf
srvlwlyh gh￿qlwh pdwulfhv1 Wkh sduwlwlrqlqj yduldeoh pd| eh vlpso| rqh ri wkh wlph0vhulhv/ ru
dq| rwkhu %frqvwuxfwhg% vhulhv1 Lq sduwlfxodu/ ]| pd| eh vrph hfrqrplf lqglfdwru/ vxfk dv
jurzwk ru lq￿dwlrq/ exw dovr vrph whfkqlfdo lqglfdwru vxfk dv rqh vhhnlqj wr lghqwli| xs ru grzq
wuhqglqj pdunhwv1 Dv wkh sduwlwlrq +dovr uhihuuhg wr dv uhjlph, dw wlph w ghshqgv rq wkh odjjhg
ydoxh ]|3￿/ wkh hvwlpdwhg prphqwv duh frqglwlrqdo rq d %vwdwh0ri0wkh0zruog% gh￿qhg e| jurzwk
ru lq￿dwlrq gxulqj wkh suhylrxv shulrg1 Iru h{dpsoh/ li ] lv wkh JGS jurzwk udwh/ wzr wkuhvkrogv
frxog eh vhw dw 3( dqg .5(1 Wklv zd| wkuhh %vwdwhv0ri0wkh0zruog% zrxog eh rewdlqhg1 H+U|,
dqg Y +U|, wkhq ghshqg rq zkhwkhu ]|3￿/ wkh JGS jurzwk udwh ri wkh suhylrxv shulrg/ zdv
qhjdwlyh/ dw d %qrupdo% ohyho +ehwzhhq 3( dqg .5(,/ ru vwurqjo| srvlwlyh1
Wkh TWDUFK phwkrgrorj| vhhpv lqwhuhvwlqj iurp ydulrxv shuvshfwlyhv1 Wr ehjlq zlwk/ d
prgho edvhg rq d ihz uhjlphv uhsuhvhqwlqj glvwlqfw %vwdwhv0ri0wkh0zruog% pd|/ d sulrul/e hp r u h
urexvw zkhq dssolhg rxw0ri0vdpsoh wkdq d prgho edvhg rq d wudglwlrqdo JDUFK dqg zlwk d
odujh qxpehu ri sdudphwhuv1 Ixuwkhupruh/ wkh vpdoohu qxpehu ri sdudphwhuv wr eh hvwlpdwhg
dovr doorzv odujhu pxowlyduldwh iudphzrunv1 Rq wkh qhjdwlyh vlgh/ wkhuh lv qr vwudljkwiruzdug
zd| ri gh￿qlqj wkh sduwlwlrqv/ wkdw lv/ vhohfwlqj d sduwlwlrqlqj yduldeoh dqg wkh fruuhvsrqglqj
wkuhvkrogv1 Lq wkh hpslulfdo vhfwlrq ri wklv sdshu L zloo uhylhz d ihz srvvlelolwlhv wkdw kdyh
suryhq vxffhvvixo lq rwkhu TWDUFK dssolfdwlrqv dqg dovr ghulyh d qhz sduwlwlrqlqj phwkrg
edvhg rq foxvwhu dqdo|vlv1
6151 Pdunrzlw}*v Doorfdwlrq Iudphzrun dqg Lpsohphqwlqj Frqvwudlqwv
Zkloh wkh wudglwlrqdo FDSP kdv jhqhudoo| ehhq whvwhg rxw0ri0vdpsoh xvlqj wkh Idpd dqg Pdf0
Ehwk +4<:6, phwkrgrorj|/ zklfk frqvlvwv lq whvwlqj wkh uhodwlrq ehwzhhq uhdol}hg uhwxuqv dqg
hvwlpdwhg ehwd frh￿flhqwv/ lqwhuqdwlrqdo dvvhw sulflqj prghov duh jhqhudoo| hydoxdwhg lq whupv
ri shuirupdqfh ri d vlpxodwhg wudglqj vwudwhj|1 Wkh yhfwru ri h{shfwhg dvvhw uhwxuqv wrjhwkhu
zlwk wkh pdwul{ ri yduldqfhv0fryduldqfhv ri wkh prgho*v uhvlgxdov fdq eh xvhg lq d Pdunrzlw}
iudphzrun wr ghulyh rswlpdo sruwirolr kroglqjv iru hdfk srlqw rq wkh h￿flhqw iurqwlhu lq phdq0
yduldqfh vsdfh1 Zkhq wkh hvwlpdwhv ri wkhvh wzr prphqwv fkdqjh ryhu wlph/ wkh uhvxowlqj
rswlpdo sruwirolrv zloo dovr fkdqjh wkhlu frpsrvlwlrq ryhu wlph1
:Dfdghplfv jhqhudoo| dsso| Pdunrzlw}*v iudphzrun zlwkrxw pxfk irfxv rq dgglwlrqdo frq0
vwudlqwv wkdw pd| eh dgghg lq wkh rswlpl}dwlrq surfhvv plqlpl}lqj wkh sruwirolr yduldqfh iru d
jlyhq ohyho ri h{shfwhg uhwxuq1 Iurp d wkhruhwlf srlqw ri ylhz wklv lv fruuhfw/ dv pdunhwv duh
lq htxloleulxp dqg doo dvvhwv duh phdq0yduldqfh h￿flhqw= dq dvvhw zlwk d orzhu h{shfwhg uhwxuq
wkdq dq| rwkhu dvvhw wkdw lv dw ohdvw dv ulvn| zloo gurs lq sulfh xqwlo dq htxloleulxp sulfh lv
uhdfkhg1 Lq sudfwlfh/ krzhyhu/ wklqjv duh yhu| gl￿huhqw1 Wkh vwuxfwxuh ri wkh yhfwru ri h{shfwhg
uhwxuqv dqg ri wkh yduldqfhv0fryduldqfhv/ zkhwkhu edvhg rq xqfrqglwlrqdo klvwrulfdo ydoxhv ru gh0
ulyhg wkurxjk d vrsklvwlfdwhg hfrqrphwulf vshfl￿fdwlrq/ pd| eh vxfk wkdw ghjhqhudwhg vroxwlrqv
duh irxqg1 Hvshfldoo| zkhq wkh qxpehu ri dvvhwv ehfrphv odujh frpsduhg zlwk wkh qxpehu ri
revhuydwlrqv ryhu wlph/ d w|slfdo Pdunrzlw} iudphzrun zloo xqghuhvwlpdwh wkh wuxh sruwirolr*v
yduldqfh1 Li wkh qxpehu ri dvvhwv lv htxdo wr ru odujhu wkdq wkh qxpehu ri revhuydwlrqv ryhu wlph/
lw zloo dozd|v eh srvvleoh wr ￿qg d olqhdu frpelqdwlrq ri dvvhwv wkdw lv vxfk wkdw wkh h{shfwhg
ulvn lv }hur/ zkloh wkh h{shfwhg uhwxuq lv srvlwlyh1
W|slfdoo|/ d Pdunrzlw} iudphzrun zloo qhyhu eh dssolhg lq sudfwlfh zlwkrxw forvh prqlwrulqj/
wkdw lv/ zlwkrxw wkh dvvhw pdqdjhu lpsrvlqj frqvwudlqwv rq wkh srvvleoh rxwfrphv ri wkh prgho1
Lq dgglwlrq wr d qrq0qhjdwlylw| frqvwudlqw rq doo dvvhw zhljkwv/ pdqdjhuv zloo uhtxluh/ iru lqvwdqfh/
wkdw qr dvvhw uhsuhvhqwv pruh wkdq d jlyhq shufhqwdjh ri wkh wrwdo sruwirolr*v zhdowk1 L dujxh
khuh wkdw gh￿qlqj suhflvho| doo wkh sruwirolr pdqdjhu*v frqvwudlqwv lv d fuxfldo vwhs lq wkh zkroh
doorfdwlrq surfhvv zkhq vrsklvwlfdwhg prghov duh xvhg iru hvwlpdwlqj frqglwlrqdo uhwxuqv dqg
yduldqfhv0fryduldqfhv1 Dfdghplf vwxglhv idlolqj wr wdnh vxfk frqvwudlqwv lqwr dffrxqw frph
vrphwlphv iruzdug zlwk yhu| xquhdolvwlf doorfdwlrq vxjjhvwlrqv1 Gh Vdqwlv/ J￿ hudug dqg Kloolrq
+4<<;,/ iru lqvwdqfh/ uhsruw wkdw wkh pd{lpxp doorfdwlrq wr wkh Ghxwvfkpdun kdv ehhq 64;( ri
wkh sruwirolr zhdowk1
Lq dgglwlrq wr uhdolvwlf zhljkwv rq wkh sruwirolr*v lqglylgxdo kroglqjv/ wkh rswlpl}dwlrq sur0
fhgxuh pd| dovr frqvlghu wrwdo lqyhvwphqw lvvxhv1 Iru lqvwdqfh/ htxlw| pdqdjhuv jhqhudoo| kdyh
wr lqyhvw durxqg ;3( dw ohdvw ri wkh sruwirolr*v ydoxh +qr pruh wkdq 53( pd| eh nhsw lq fdvk dw
dq| wlph,1 Olplwhg eruurzlqj lv dovr riwhq wrohudwhg xs wr 53( ri wkh sruwirolr*v ydoxh/ zlwkrxw
wkh ixqg ehlqj frqvlghuhg dv d %ohyhudjhg% ixqg1 Wklv zrxog wudqvodwh lqwr wkh vxp ri zhljkw
ehlqj frpsulvhg ehwzhhq 31; dqg 4151
Wkh fxuuhqf| doorfdwlrq lv dqrwkhu duhd wr sd| vshfldo dwwhqwlrq wr1 Wzr vlwxdwlrqv vkrxog
eh glvwlqjxlvkhg1 Li d srvlwlrq lq wkh iruhljq fxuuhqf| lv wdnhq dv ehlqj dq dfwlyh lqyhvwphqw
ghflvlrq/ wkh fxuuhqf| pd| doprvw eh frqvlghuhg dv dq| rwkhu dvvhw fodvv/ h{fhsw iru wkh idfw wkdw
erwk orqj dqg vkruw srvlwlrqv lq fxuuhqflhv vkrxog eh doorzhg1 Lw vkrxog eh lqfruuhfw/ krzhyhu/
wr dvvxph wkdw wkh ydoxh ri d vkruw srvlwlrq pljkw eh xvhg wr sxufkdvh rwkhu dvvhw fodvvhv/ vxfk
dv vwrfnv iru lqvwdqfh1 Wkhvh dvvxpswlrqv zrxog wudqvodwh lq wkh iroorzlqj vhw ri frqvwudlqwv=
[
mz￿m @4 > +616,
wrjhwkhu zlwk d qrq0qhjdwlylw| frqvwudlqw rq doo dvvhwv h{fhsw fxuuhqflhv +mz￿m uhsuhvhqwv wkh
devroxwh ydoxh,1
Li srvlwlrqv lq iruhljq fxuuhqflhv duh wdnhq iru khgjlqj sxusrvhv rqo|/ lw zloo hlwkhu eh dvvxphg
wkdw doo srvlwlrqv duh v|vwhpdwlfdoo| khgjhg/ lq zklfk fdvh wkh fxuuhqf| zhljkwv gr qrw hqwhu
wkh frqvwudlqw rq wkh vxp ri zhljkwv +
S
z￿ @ 4 iru doo dvvhwv h{fhsw fxuuhqflhv, dqg doo uhwxuqv
pd| vlpso| eh fdofxodwhg wdnlqj lqwr dffrxqw wkh ixoo khgjh/ ru lw pd| eh dvvxphg wkdw wkh
sruwirolr pdqdjhu pd| ghflgh rq krz pxfk ri wkh fxuuhqf| h{srvxuh lv wr eh khgjhg/ lq zklfk
fdvh wkh fxuuhqf| kroglqjv vkrxog eh dq lqwhjudo sduw ri wkh rswlpl}dwlrq surfhvv1 Wkh odwwhu lv
d yhu| uhdolvwlf dvvxpswlrq iru joredo htxlw| dqg htxlw| uhodwhg pdqdjhuv1 Wkh frqvwudlqw rq wkh
vxp ri dvvhw zhljkwv vkrxog/ djdlq/ eh
S
z￿ @ 4 iru doo dvvhwv h{fhsw fxuuhqflhv/ exw dgglwlrqdo
;frqvwudlqwv rq wkh lqglylgxdo fxuuhqflhv vkrxog eh dgghg1 W|slfdoo|/ wkh sruwirolr pdqdjhu zloo
khgjh wkh iruhljq h{srvxuhv wkurxjk ixwxuhv ru iruzdug frqwudfwv/ iru zklfk qr fdvk qru pdujlq
lv uhtxluhg li wkh srvlwlrq lv sduw ri wkh wrwdo sruwirolr doorfdwlrq1 Lq rughu qrw wr doorz ryhu0
khgjhv +d khgjh srvlwlrq lq wkh fxuuhqf| wkdw uhsuhvhqwv d odujhu sduw wkdq wkh sruwirolr*v dfwxdo
h{srvxuh wr wklv fxuuhqf|,/ wkh ydoxh ri wkh vkruw srvlwlrq lq wkh iruhljq fxuuhqf| vkrxog qrw
h{fhhg wkh vxp ri dvvhw zhljkwv h{srvhg wr wkh jlyhq fxuuhqf|1 Iru lqvwdqfh/ li 63( ri wkh
sruwirolr d Vzlvv lqyhvwru krogv lv lqyhvwhg lq XV Groodu ghqrplqdwhg dvvhwv/ wkh frqvwudlqw rq
wkh XV Groodu zrxog eh 3 9 ￿zL7m 9 3=61
Wkhvh frqvlghudwlrqv rq wkh frqvwudlqwv wkdw vkrxog eh sxw lq sodfh lq wkh Pdunrzlw} rswl0
pl}dwlrq surfhgxuh vhhp wr eh ryhuvhhq wrr riwhq e| dfdghplfv zkr vlpxodwh wudglqj vwudwhjlhv/
uhvxowlqj lq xquhdolvwlf vlpxodwhg sruwirolrv1 Wkh vhw ri frqvwudlqwv vkrxog eh frqvlghuhg dv dq
lqwhjudo sduw ri wkh doorfdwlrq surfhvv/ uh￿hfwlqj dv pxfk dv srvvleoh wkh uhdo frqvwudlqwv idfhg
gluhfwo| dqg lqgluhfwo| e| wkh sruwirolr pdqdjhu1
6161 Phdvxulqj Rxw0ri0vdpsoh Shuirupdqfh ri G|qdplf Vwudwhjlhv
Zkdwhyhu wkh vshfl￿fdwlrq xvhg wr prgho h{shfwhg uhwxuqv dqg yduldqfhv0fryduldqfhv/ dqg wkh
￿qdo doorfdwlrq edvhg rq wkhvh hvwlpdwhv/ wkh uhdo whvw ri wkh ydoxh ri wkh prgho lv rewdlqhg
e| frpsdulqj wkh rxw0ri0vdpsoh uhwxuqv jhqhudwhg e| wkh prgho zlwk vrph ehqfkpdun1 Wklv
ehqfkpdun vkrxog eh fohduo| gh￿qhg dqg lqwhjudwhg lq wkh rswlpl}dwlrq surfhvv1 Wklv lv dq
duhd zkhuh wkhru| +lq dfdghplfv, dqg sudfwlfh +lq wkh %uhdo zruog%, riwhq glyhujh1 Wkhru|
vxjjhvwv wkdw wkh h￿flhqw iurqwlhu wkh lqyhvwru vkrxog frqvlghu lv rewdlqhg e| plqlpl}lqj wkh
h{shfwhg sruwirolr*v yduldqfh z￿Yz/ zkhuh z lv wkh yhfwru ri dvvhw zhljkwv dqg Y wkh pdwul{
ri yduldqfhv0fryduldqfhv ri uhwxuqv/ xqghu wkh frqvwudlqw z￿U> zkhuh U lv wkh yhfwru ri dvvhw*v
h{shfwhg uhwxuqv/ dqg rwkhu srvvleoh xvhu0gh￿qhg frqvwudlqwv1 Wkh lpsolflw dvvxpswlrq lq wklv
rswlpl}dwlrq surjudp lv wkdw wkh pdqdjhu lv phdvxuhg lq devroxwh whupv1 Wkhvh uhwxuqv pd|
eh dgmxvwhg iru ulvn/ dqg wkh uhwxuq2ulvn sur￿oh ri wkh pdqdjhu +ru wkh rxw0ri0vdpsoh jhqhudwhg
vlpxodwhg wudglqj uhvxowv, pd| eh frpsduhg wr wkdw rewdlqhg e| vrph ehqfkpdun1
Lq sudfwlfh/ pruh dqg pruh pdqdjhuv duh gluhfwo| phdvxuhg lq whupv ri ghyldwlrqv frpsduhg
wr d ehqfkpdun/ zkhdwkhu wkhvh ghyldwlrqv duh srvlwlyh ru qhjdwlyh1 Wkh dssursuldwh phdvxuh
ri ulvn wkhq lv wudfnlqj huuru/ zklfk lv gh￿qhg e| +z￿ ￿ Z￿,Y +z ￿ Z,/ zkhuh Z lv wkh yhfwru
ri dvvhw zhljkwv iru wkh ehqfkpdun1 Li wkh pdqdjhu*v remhfwlyh lv wr rxwshuirup wkh ehqfkpdun
e| U(/ wkh rswlpdo zhljkwv duh jlyhq e| vroylqj=
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zkhuh V lv d ihdvleoh vhw ri frqvwudlqwv1
Wudfnlqj huuru lv wkh lqglfdwhg iudphzrun iru lqgh{ ixqgv wkdw kdyh dv dlp wr uhsolfdwh +dqg
qrw wr rxwshuirup, d jlyhq lqgh{1 Rwkhu ixqg pdqdjhuv/ krzhyhu/ vkrxog qrw eh hydoxdwhg lq
wkhvh whupv1 Frqvlghu wkh iroorzlqj h{dpsoh1 Dvvxph wkdw/ ryhu d jlyhq shulrg/ wkh ehqfkpdun
gurshg vljql￿fdqwo| +vd|/ 63(, lq ydoxh/ ehiruh uhfryhulqj dqg hqglqj +vd|/ 43(, kljkhu wkdq
lwv ohyho dw wkh ehjlqqlqj ri wkh shulrg1 Frqvlghu wzr pdqdjhuv zkr duh hydoxdwhg lq whupv
ri wudfnlqj huuru frpsduhg wr wklv ehqfkpdun1 Wkh ￿uvw pdqdjhu kdv shuihfwo| wudfnhg wkh
ehqfkpdun dqg uhsruwv 43( uhwxuq zlwk d wudfnlqj huuru forvh wr }hur/ exw odujh lqwud0shulrg
yduldqfh ri uhwxuqv1 Wkh vhfrqg pdqdjhu/ wkurxjk dfwlyh pdqdjhphqw/ vwd|hg rxw wkh ri wkh
pdunhw gxulqj wkh yrodwloh shulrg dqg wkhuhiruh kdv qrw h{shulhqfhg wkh ghfolqh ri 63( dqg
wkh fruuhvsrqglqj uhfryhu|1 Wklv pdqdjhu dovr uhsruwv dq hqg0ri0shulrg uhwxuq ri 43(/ zlwk d
kxjh wudfnlqj huuru exw orz yduldqfh ri lqwud0shulrg uhwxuqv1 Zkr vkrxog eh frqvlghuhg wkh ehvw
pdqdjhuB Wudfnlqj huuru vxjjhvwv wkh ￿uvw pdqdjhu/ devroxwh ulvn dgmxvwhg uhwxuqv wkh vhfrqg
<pdqdjhu$ L wkhuhiruh dujxh wkdw wudfnlqj huuru lv/ lq pdq| fdvhv/ qrw wkh idlu phdvxuh/ dowkrxj wkh
ixqg*v shuirupdqfh vkrxog eh frpsduhg wr wkdw ri d ehqfkpdun1 Xqohvv wkh remhfwlyh lv vlpso|
wr uhsolfdwh d jlyhq lqgh{/ pdqdjhuv vkrxog eh phdvxuhg e| ulvn dgmxvwhg dyhudjh uhwxuqv +wkh
Vkdush udwlr,1
Gh￿qlqj wkh fruuhfw phdvxuh ri shuirupdqfh dqg ulvn dgmxvwphqw ri uhwxuqv lv fhqwudo lq wkh
vhohfwlrq surfhvv ri wkh hfrqrphwulf prgho wkdw zloo eh xvhg lq sudfwlfh e| wkh sruwirolr pdqdjhu1
Dgglqj pxowlsoh vrxufhv ri ulvn wr wkh prgho dqg rswlpl}lqj rq wkh yduldeohv lqfoxghg lq wkh
lqirupdwlrq vhw !|3￿ xvhg iru ghulylqj prphqw hvwlpdwhv dw wlph w zloo |lhog yhu| jrrg lq0vdpsoh
shuirupdqfhv/ exw doprvw vxuho| zloo wxuq rxw glvdvwurxv zkhq xvhg rxw0ri0vdpsoh1 Lq sduwlfxodu/
li wkh delolw| ri d vrsklvwlfdwhg wlph0ydu|lqj vshfl￿fdwlrq h{lvwv rqo| lq h{sodlqlqj uhodwlrqvklsv
vshfl￿f wr dq lq0vdpsoh shulrg/ d vlpsoh xqfrqglwlrqdo prgho pd| eh dv jrrg/ li qrw ehwwhu/
iru iruhfdvwlqj sxusrvhv1 Lq rughu wr dvvhvv wkh rxw0ri0vdpsoh shuirupdqfh ri dq| prgho/ wkh
ixoo gdwd vhw vkrxog eh vsolw lqwr wzr sduwv/ wkh ￿uvw rqh iru hvwlpdwlqj wkh prgho*v sdudphwhuv/
wkh vhfrqg rqh iru phdvxulqj wkh prgho*v iruhfdvwlqj fdsdelolwlhv djdlqvw wkh ehqfkpdun1 Hdfk
revhuydwlrq w lq wkh rxw0ri0vdpsoh shulrg zloo jhqhudoo| eh rewdlqhg e| uh0hvwlpdwlqj wkh ixoo
prgho xvlqj revhuydwlrqv dqg lqirupdwlrq xs wr wlph w ￿ 41
Hyhq zlwklq wklv iudphzrun/ wkhuh lv vwloo wkh sureohp ri %gdwd vqrrslqj%/ d sureohp zhoo glv0
fxvvhg lq Vxoolydq hw do1 +4<<<,1 Frqvlghulqj qxphurxv yduldeohv wkdw pd| kdyh vrph h{sodqdwru|
srzhu dv zhoo dv frpsdulqj ydulrxv hfrqrphwulf vshfl￿fdwlrqv zloo uhvxow lq d yhu| kljk qxpehu
+kxqguhgv ru hyhq wkrxvdqgv, ri wuxo| rxw0ri0vdpsoh vhulhv1 Jlyhq wklv kljk qxpehu ri vhulhv/
rqh fdq h{shfw vrph ri wkhp wr gr h{wuhpho| zhoo erwk lq0vdpsoh dqg rxw0ri0vdpsoh1 Lq idfw/
hyhq li wkhvh vhulhv zhuh jhqhudwhg udqgrpo|/ rqh zrxog vwloo h{shfw d ihz vhulhv zlwk yhu| jrrg
lq0 dqg rxw0ri0vdpsoh fkdudfwhulvwlfv1
Lw lv lpsruwdqw wkdw wklv sureohp eh nhsw lq plqg/ zkdwhyhu wkh vshfl￿fdwlrq xvhg iru iruh0
fdvwlqj ￿qdqfldo uhwxuqv1 Wkhuh duh d ihz suhfdxwlrqv wkdw wkh hfrqrphwulfldq pd| wdnh lq
rughu wr olplw dv pxfk dv srvvleoh wkhvh srwhqwldo sureohpv1 Wr ehjlq zlwk/ L eholhyh rqh vkrxog
irfxv rq d vlpsoh dqg urexvw vshfl￿fdwlrq1 Lq wklv uhvshfw wkh TWDUFK prgho suhvhqwhg hdu0
olhu vhhpv dsshdolqj ehfdxvh ri wkh vwurqj hfrqrplf lqwhusuhwdwlrq wkdw pd| eh jlyhq wr hdfk
uhjlph1 Zlwk uhjdug wr wkh lqvwuxphqwv xvhg iru hvwlpdwlqj wkh ulvn suhplxpv/ ydulrxv vwxglhv
kdyh uhsruwhg wkdw yduldeohv vxfk dv wkh zruog glylghqg |lhog lq h{fhvv ri wkh grphvwlf |lhog/
wkh fkdqjh lq wkh |lhog fxuyh/ hwf1/ duh %jrrg% yduldeohv1 Dv srlqwhg rxw e| Vroqln +4<<6,/ pdq|
ri wkhvh hpslulfdo vwxglhv e| ydulrxv dxwkruv kdyh doo vhohfwhg wkh vdph yduldeohv qrw ehfdxvh
ri vrph ixqgdphqwdo hfrqrplf uhdvrq/ exw udwkhu ehfdxvh wkh| kdg vkrzq h{sodqdwru| srzhu
lq suhylrxv vwxglhv1 Lq olqh zlwk wkh fulwlfv e| Vxoolydq hw do1 +4<<<,/ wklv udlvhv wkh txhvwlrq ri
wkh ydolglw| ri lqfoxglqj vxfk yduldeohv lq prghov ghvljqhg iru iruhfdvwlqj sxusrvhv1 Zh fdqqrw
lpsohphqw d surshu lq0vdpsoh hvwlpdwlrq surfhgxuh zlwk rxw0ri0vdpsoh uhvxowv lq rughu wr dvvhv
wkh uhdo shuirupdqfh ri wkh prgho1
Lw wkhuhiruh vhhpv lqwhuhvwlqj wr lqyhvwljdwh d prgho*v shuirupdqfh xvlqj d ydulhw| ri gdwd dqg
lqvwuxphqwv1 Iru h{dpsoh/ suhylrxv vwxglhv doprvw h{foxvlyho| xvh prqwko| gdwd dqg d jrrg whvw
pd| vlpso| eh wr fdofxodwh prqwko| uhwxuqv iurp xvlqj gl￿huhqw gd|v ri wkh prqwkv/ dowkrxjk
wkh lqkhuhqw qrq0vlpxowdqhlw| ri wkh dvvhw gdwd zlwk pdfur0hfrqrplf yduldeohv pd| ehfrph
dq lpsruwdqw sureohp1 Dovr/ ghshqglqj rq wkh gdwd dydlodelolw|/ rqh pd| orrn dw wkh uhvxowv
rewdlqhg/ iru h{dpsoh/ zlwk zhhno| ru wzr prqwkv* gdwd1 Dqrwkhu duhd zruwk lqyhvwljdwlqj
ixuwkhu lv wkh lqvwuxphqwv1 Wkhuh lv qrz jurzlqj hylghqfh iurp vhulrxv dfdghplf vwxglhv wkdw
whfkqlfdo dqdo|vlv pd| eh xvhixo/ lq vrph fdvhv/ wr iruhfdvw ixwxuh uhwxuqv1 Whfkqlfdo lqglfdwruv
pd| eh xvhg dv lqvwuxphqwv wr prgho ulvn suhplxpv1 Wr p| nqrzohgjh/ qr vwxg| vr idu kdv
lqyhvwljdwhg wkhvh lvvxhv1
Zkloh dfdghplf vwxglhv prvwo| xvh odjjhg ydoxhv ri wkhvh yduldeohv/ zklfk kdyh vkrzq wr
43%zrun zhoo% +glylghqg |lhog/ ghidxow suhplxp/ hwf1,/ edqnv dqg ￿qdqfldo lqvwlwxwlrqv w|slfdoo|
kdyh wkhlu rzq iruhfdvwv derxw vxfk pdfur0hfrqrplf ydoxhv1 Wkhvh iruhfdvwv duh jhqhudoo| xq0
dydlodeoh wr wkh dfdghplf uhvhdufkhu rq d klvwrulfdo edvlv wkdw lv orqj hqrxjk1 Qhyhuwkhohvv/ L
eholhyh wkdw wkh prgho*v delolw| wr ghwhuplqh wkh rswlpdo ixwxuh dvvhw doorfdwlrq pd| eh vlj0
ql￿fdqwo| lpsuryhg zkhq qh{w shulrg*v pdfur0hfrqrplf hvwlpdwhv duh xvhg udwkhu wkdq vlpsoh
odjjhg ydoxhv1 L wklqn wklv vkrxog gh￿qlwho| eh ixuwkhu lqyhvwljdwhg e| lqvwlwxwlrqv zlwk lqwhuhvw
lq wklv duhd1
Nhhslqj wkh gdwd plqlqj sureohp lq plqg/ wkh phwkrgrorj| zloo jhqhudwh d wlph vhulhv
ri rxw0ri0vdpsoh uhwxuqv zklfk duh wuxh vlpxodwlrqv ri zkdw wkh sruwirolr pdqdjhu frxog kdyh
dfklhyhg/ kdg kh iroorzhg wkh rswlpdo vwudwhjlhv jlyhq e| wkh prgho1 Wkh ￿uvw sureohp wkdw
dulvhv lv wkh fkrlfh ri wkh ehqfkpdun djdlqvw zklfk wkh shuirupdqfh lv frpsduhg1 Zkhq wkh
dydlodeoh dvvhwv duh wkh frpsrqhqwv ri dq h{lvwlqj lqgh{/ wklv lqgh{ pd| eh xvhg/ dowkrxjk
d klvwrulfdo dqg xqfrqglwlrqdo dqdo|vlv ri wkh phdqv dqg yduldqfhv0fryduldqfhv ri wkhvh dvvhw
uhwxuqv pd|/ lq vrph fdvhv/ uhyhdo wkdw wkh frpsrvlwlrq ri wkh lqgh{ zdv qrw h￿flhqw h{ srvw1
Wkhuhiruh/ frpsdulqj wkh shuirupdqfh ri d g|qdplf doorfdwlrq prgho zlwk wkh h{lvwlqj lqgh{
pd| eh eldvhg lq idyru ri wkh prgho1 Dq dssursuldwh ehqfkpdun kdv dovr wr eh frqvwuxfwhg zkhq
qr uholdeoh lqgh{ lv dydlodeoh1 Iru h{dpsoh/ zkhq dvvhw fodvvhv vxfk dv lqwhuqdwlrqdo htxlwlhv dqg
erqgv duh frqvlghuhg/ qr reylrxv lqgh{ h{lvwv1 Ilqdoo|/ hyhq li d uholdeoh lqgh{ grhv h{lvw/
wkh jhqhudo lqyhvwphqw srolf| wkdw wkh sruwirolr pdqdjhu kdv wr iroorz pd| lpsrvh frqvwudlqwv
lqfrpsdwleoh zlwk wkh frpsrvlwlrq ri wklv lqgh{1
Wkh lghd lv wkhq wr frpsduh wkh uhdol}hg shuirupdqfhv ri wzr lqyhvwruv= rqh lv xqlqiruphg ru
xvhv dq %xqfrqglwlrqdo% prgho/ wkh rwkhu lv vrsklvwlfdwhg dqg xvhv wlph0ydu|lqj zhljkwv1 Vroqln
+4<<6, glvfxvvhv d phwkrgrorj| wkdw dvvxphv wkdw hdfk ri wkhvh wzr lqyhvwruv ghulyhv rswlpdo
dvvhw zhljkwv dw hdfk wlph w/ edvhg rq wkhlu uhvshfwlyh h{shfwdwlrqv uhjduglqj dvvhw uhwxuqv1
Wkh mrlqw0qrupdolw| dvvxpswlrq lv qhfhvvdu| wr frqgxfw vlpsoh w0whvwv iru wkh vljql￿fdqfh ri
wkh gl￿huhqfh ehwzhhq wkh wzr lqyhvwruv* uhwxuqv1 Lqglylgxdo w0vwdwlvwlfv duh fdofxodwhg iru hdfk
rxw0ri0vdpsoh shulrg dv wkh gl￿huhqfh lq uhwxuqv ehwzhhq wkh wzr lqyhvwruv/ glylghg e| wkh
xqfrqglwlrqdo sruwirolr*v yduldqfh1 Wkh w0vwdwlvwlf wkdw whvwv iru wkh vljql￿fdqfh ryhu wkh ixoo
shulrg lv rewdlqhg e| vxpplqj wkh lqglylgxdo vwdwlvwlfv dqg pxowlso|lqj wklv e| wkh vtxduh urrw
ri wkh wrwdo qxpehu ri revhuydwlrqv1
Wkh shuirupdqfh hydoxdwlrq ri dq lqiruphg lqyhvwru*v vwudwhjlhv djdlqvw wkrvh ri dq xqlq0
iruphg rqh lv fohduo| dq duhd wkdw ghvhuyhv pruh dwwhqwlrq iurp uhvhdufkhuv lq wkh ixwxuh1 Wkh
xqlqiruphg djhqw pd| eh pruh ru ohvv vrsklvwlfdwhg/ dgdswlqj ru qrw klv h{shfwdwlrqv ryhu wlph1
Wkh dvvxpswlrq ri mrlqw qrupdolw| lv frqyhqlhqw exw qrw qhfhvvdulo| uhdolvwlf1 Lq sudfwlfh/ wkh
ixqg pdqdjhu zloo riwhq eh hydoxdwhg e| phdqv ri rwkhu phdvxuhv ri uhwxuq dqg ulvn1 Iru h{0
dpsoh/ fdofxodwlqj wkh %pd{lpxp gudzgrzq% lv yhu| frpprq dprqj wudghuv1 Lw uhsuhvhqwv
ex|lqj wkh dvvhw ru wkh sruwirolr dw wkh %zruvw% srvvleoh prphqw dqg nhhslqj lw iru wkh %zruvw%
qxpehu ri shulrgv1 Lw lv phdvxuhg dv wkh gl￿huhqfh ehwzhhq d orfdo kljk dqg wkh qh{w orfdo
orz ri wkh vhulhv ri fxpxodwhg uhwxuq1 Iru h{dpsoh/ wkh pd{lpxp gudzgrzq rq wkh V)S833
phdvxuhg ryhu wkh sdvw ghfdghv zdv uhdfkhg gxulqj wkh Rfwrehu 4<;: fudvk1 Dq lqyhvwru zkr
kdg erxjkw wkh pdunhw d ihz gd|v ehiruh wkh fudvk/ zkhq wkh pdunhw zdv dw dq doo0wlph kljk/
dqg zkr kdg vrog lw dw wkh zruvw prphqw gxulqj wkh fudvk zrxog kdyh orvw ryhu 63(1 Prqwko|
gdwd zkhuh uhwxuqv duh fdofxodwhg/ iru lqvwdqfh/ durxqg wkh 48wk ri hdfk prqwk zrxog vkrz d
pxfk vpdoohu orvv iru wkh shulrg Rfwrehu 480Qryhpehu 48/ 4<;:1 Wkh frqfhsw ri gudzgrzq pd|
dovr eh dssolhg lq wkh frqwh{w ri wkh gl￿huhqfhv ehwzhhq d ehqfkpdun +ru wkh shuirupdqfh ri dq
xqlqiruphg lqyhvwru, dqg dq dfwlyh vwudwhj|1
Dfdghplfv duh riwhq vfduhg e| wkh zd| pdq| ￿qdqfh sudfwlwlrqhuv frqwlqxh wr hydoxdwh
devroxwh ru h{fhvv shuirupdqfh rq d qrw ixoo| ru lqfruuhfwo| ulvn dgmxvwhg edvlv1 Wkh| vkrxog qrw
44orrvh vljkw/ krzhyhu/ ri wkh idfw wkdw/ ehfdxvh ri qrq0qrupdolw| ri dvvhw dqg sruwirolr uhwxuqv/
lqglylgxdo suhihuhqfhv uhjduglqj ulvn dyhuvlrq dqg rwkhu idfwruv/ dfdghplf phdvxuhv duh qrw
dozd|v wkh ehvw lq sudfwlfh/ hlwkhu1
 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Lq wklv vhfwlrq L surylgh d ihz hpslulfdo whvwv ri vrph ri wkh whfkqltxhv ghvfulehg vr idu1 Dv
qxphurxv vwxglhv ^Vroqln +4<<6,/ Gh Vdqwlv dqg J￿ hudug +4<<:/ 4<<;,/ Gh Vdqwlv/ J￿ hudug dqg
Kloolrq +4<<;, dprqj pdq| rwkhuv‘ kdyh whvwhg vlplodu phwkrgrorjlhv xvlqj vlplodu gdwd vhwv dqg
lqvwuxphqwv/ L zloo wdnh khuh d voljkwo| gl￿huhqw dssurdfk1 Wkh fkrlfh ri wkh gdwd zloo eh ghvfulehg
lq Vhfwlrq 7141 Lq Vhfwlrq 715 L suhvhqw wkh ghwdlov derxw uhjlph0vzlwfklqj wkuhvkrog vshfl￿fdwlrqv
zklfk duh xvhg iru prgholqj frqglwlrqdo prphqwv dqg zklfk L eholhyh pd| frqvwlwxwh d srzhuixo
wrro lq wklv iudphzrun1 Vhfwlrq 716 glvfxvvhv wkh uhvxowv1
7141 Wkh Gdwd Vhw/ wkh Frqvwudlqwv dqg wkh Lqvwuxphqwv
714141 Dvvhw Fodvvhv dqg Gdwd Iuhtxhqf|
Wr ehjlq zlwk/ wkh fkrlfh ri prqwko| gdwd irxqg lq prvw vwxglhv riwhq vhhpv d pdwwhu ri frq0
yhqlhqfh= wr wkh sudfwlwlrqhu lw lv lqwhqghg wr vkrz wkdw wkh uhdoorfdwlrq surfhvvhv zrxog eh
ihdvleoh iru d orqj whup dvvhw pdqdjhu> wr wkh hfrqrphwulfldq wkdw prqwko| gdwd duh frqvlg0
huhg wr surylgh hqrxjk gdwd srlqwv wr +krshixoo|, rewdlq phdqlqjixo uhvxowv1 Dv dujxhg ehiruh/
iru dq| rswlpdo wudglqj vwudwhj| wr eh xvhixo wr d %uhdo0zruog% sruwirolr pdqdjhu/ wkh vwudwhj|
vkrxog lqfoxgh yhu| uhdolvwlf frqvwudlqwv rq wkh dvvhw zhljkwv1 Wkhuhiruh/ uhdolvwlf frqvwudlqwv duh
ri juhdwhu lpsruwdqfh wkdq wkh xvh ri prqwko| +udwkhu wkdq/ iru h{dpsoh/ zhhno|, gdwd1 Ixuwkhu0
pruh/ orqj whup joredo dvvhw pdqdjhphqw uhtxluhv qrw rqo| orqj whup wdfwlfdo dvvhw doorfdwlrq
ghflvlrqv/ exw dovr vkruw0whup dgmxvwphqwv wr %hyhqwv%1 Li dgydqfhg hfrqrphwulf vshfl￿fdwlrqv
duh deoh wr ghwhfw dqg wr uhdfw wr wkhvh hyhqwv/ d orqj whup pdqdjhu vkrxog gh￿qlwho| wdnh wkhvh
vkruw0whup vljqdov lqwr dffrxqw1 Lq sudfwlfh/ wklv lv riwhq grqh lqwxlwlyho|= wkh orqj whup wdfwlfdo
doorfdwlrq lv uhylhzhg rq d prqwko| ru txduwhuo| edvlv ru zkhq ixqgdphqwdo lqirupdwlrq duulyhv/
exw vkruw uxq hyhqwv duh riwhq ghdow zlwk wkurxjk srvlwlrqv lq wkh ghulydwlyh pdunhwv1 Zkhq
wkh sruwirolr pdqdjhu ihhov d jlyhq pdunhw lv wrr kljk/ kh pd| vhoo d ihz fdoo rswlrqv ru uhgxfh
whpsrudulo| klv sruwirolr h{srvxuh wr wklv pdunhw e| vhoolqj vrph ixwxuhv frqwudfwv1 Wkh vl}h
ri wkhvh srvlwlrqv zloo xvxdoo| uhpdlq uhodwlyho| vpdoo/ vr dv qrw wr h{fhhg wkh joredo sruwirolr*v
frqvwudlqwv1
Wkh lqfuhdvlqj lqwhjudwlrq ri ￿qdqfldo pdunhwv ryhu wkh sdvw ghfdghv pdnhv lw dovr txhv0
wlrqdeoh wr xvh gdwd iurp/ vd|/ 63 |hduv edfn wr ghulyh qh{w prqwk*v rswlpdo doorfdwlrq1 Wkh
uhdo whvw ri dq| wlph0ydu|lqj doorfdwlrq vwudwhj| lv edvhg rq frpsdulqj rxw0ri0vdpsoh prgho*v
iruhfdvwv wr vrph ehqfkpdun1 Lq rughu wr eh phdqlqjixo/ wklv rxw0ri0vdpsoh shulrg vkrxog qrw
rqo| eh orqj hqrxjk lq whupv ri qxpehu ri revhuydwlrqv/ exw vkrxog dovr fryhu gl￿huhqw pdunhw
frqglwlrqv/ vxfk dv/ iru h{dpsoh/ wuhqglqj dqg qrq0wuhqglqj pdunhwv1 Iru wkhvh uhdvrqv L kdyh
fkrvhq wr xvh zhhno| gdwd iurp Mdqxdu| 4<;7 wr Pdufk 48/ 4<<</ d wrwdo ri :<7 gdwd srlqwv1 Wkh
shulrg xqwlo Ghfhpehu 4<<3 lv nhsw iru wkh lqlwldo lq0vdpsoh hvwlpdwlrq/ wkhuhiruh rxw0ri0vdpsoh
iruhfdvwv zloo fryhu wkh shulrg iurp Mdqxdu| 4<<4 wr Pdufk 48/ 4<<</ d wrwdo ri 763 srlqwv1
L frqvlghu vl{ gl￿huhqw htxlw| dqg htxlw|0uhodwhg pdunhwv/ phdvxuhg e| frxqwu| lqglfhv dqg
surylghg e| Gdwdvwuhdp1 Wdnlqj lqwr dffrxqw pruh pdunhwv zrxog doorz d odujhu glyhuvl￿fdwlrq
h￿hfw1 Krzhyhu/ wkh hvwlpdwlrq surfhvv/ edvhg rq pd{lpxp olnholkrrg rswlpl}dwlrq zklfk lv
frqwlqxrxvo| xsgdwhg dorqj wkh rxw0ri0vdpsoh shulrgv/ lv yhu| h{shqvlyh lq whupv ri frpsxwlqj
45wlph1 Odujhu pxowlyduldwh iudphzrunv zrxog wkhuhiruh uhtxluh vlpsol￿fdwlrqv lq rughu wr olplw
wklv frpsxwlqj wlph1￿
Wkh xvh ri wkhvh Gdwdvwuhdp lqglfhv lv rqo| sduwldoo| d uhdolvwlf dvvxpswlrq1 Zkloh wkhvh pd|
eh uhdvrqdeoh dssur{lpdwlrqv ri wkh shuirupdqfhv rq zhoo0glyhuvl￿hg sruwirolrv lq wkh uhvshfwlyh
pdunhwv/ d sruwirolr pdqdjhu zrxog w|slfdoo| dgmxvw klv sruwirolr zhljkwv xvlqj dydlodeoh ixwxuhv
frqwudfwv rq pdunhw lqglfhv1 Wkhuhiruh/ wkh lpsolflw dvvxpswlrq L pdnh lv wkdw wkh uhwxuqv rq
wkh Gdwdvwuhdp lqglfhv duh forvh wr wkrvh rq dydlodeoh ixwxuhv frqwudfwv rq wkh vdph pdunhwv1
Wkh pdunhwv L frqvlghu lqfoxgh vrph ri wkh odujhvw pdunhw fdslwdol}dwlrqv= wkh Xqlwhg Vwdwhv/
wkh Xqlwhg Nlqjgrp/ Jhupdq|/ Mdsdq dqg Vzlw}huodqg/ wkh frxqwu| ri uhihuhqfh1 Wkh %Zruog
Pdunhw Lqgh{%/ dv surylghg e| Gdwdvwuhdp/ lv dovr frqvlghuhg dv d pdunhw1 Lw lv lpsruwdqw wr
frqvlghu wkh odwwhu dv dq %dvvhw fodvv%/ ehfdxvh lw pd| wxuq rxw wkdw wkh ehvw h{ srvw doorfdwlrq lv
vlpso| wkh frpsrvlwlrq ri wkh zruog lqgh{1 Ilqdoo|/ wkhuh lv lqfuhdvlqj hylghqfh ri wkh lpsruwdqfh
wr lqfoxgh vrph irup ri uhdo hvwdwh/ xvxdoo| uhdo hvwdwh ixqgv/ lq d glyhuvl￿hg sruwirolr1 Uhwxuqv
rq uhdo hvwdwh ixqgv duh jhqhudoo| irxqg wr kdyh d orz fruuhodwlrq zlwk rwkhu htxlw| pdunhwv/
zkloh wkhlu klvwrulfdo h{shfwhg uhwxuqv dqg vwdqgdug ghyldwlrqv duh orzhu wkdq iru htxlwlhv1 Lq
rughu wr wdnh lqwr dffrxqw wklv dvvhw fodvv/ L kdyh dovr lqfoxghg wkh Gdwdvwuhdp Surshuw| Lqgh{1
L zloo uhihu wr wkhvh pdunhwv dv XV iru wkh XV htxlwlhv/ XN iru XN htxlwlhv/ G iru Jhupdq
htxlwlhv/ M iru Mdsdqhvh htxlwlhv/ dqg FK iru htxlwlhv lq Vzlw}huodqg/ wkh frxqwu| ri uhihuhqfh,1
Wkh Zruog Surshuw| Lqgh{ lv uhihuuhg wr dv Surs/ dqg wkh Zruog Pdunhw Lqgh{ dv Zuog1
714151 Uhwxuqv rq Iruhljq Fxuuhqflhv
Wr d Vzlvv lqyhvwru/ wkhvh vl{ pdunhwv +lq dgglwlrq wr wkh zruog pdunhw sruwirolr, uhsuhvhqw
irxu gl￿huhqw vrxufhv ri fxuuhqf| ulvn= XV Groodu/ Jhupdq Pdun/ Eulwlvk Srxqg dqg Mdsdqhvh
\hq1 Wkhvh hqwhu wkh prgho*v vshfl￿fdwlrqv iru wzr uhdvrqv dw ohdvw= ehfdxvh wkh| uhsuhvhqw d
ulvn idfwru wkdw pljkw eh sulfhg/ dqg ehfdxvh wkh| uhsuhvhqw dq dvvhw fodvv xvhg hlwkhu dv dq
%lqyhvwphqw% +vshfxodwlrq lv suredeo| d pruh dssursuldwh whup lq prvw fdvhv,/ ru dv d khgjh1
L zloo rqo| frqvlghu wkh odwwhu1 Fxuuhqflhv hqwhu wkh ixoo rswlpl}dwlrq surfhvv ehfdxvh L dvvxph
wkdw wkh dvvhw pdqdjhu pd| fkrrvh wr ixoo| khgjh/ wr sduwldoo| khgjh/ ru qrw wr khgjh dw doo dq|
h{srvxuh wr d iruhljq fxuuhqf|1 Wkh uhwxuqv +lq orj whupv, lq Vzlvv Iudqfv rq iruhljq fxuuhqf|
l dw wlph w duh fdofxodwhg dv=
U￿M8
￿c| @o q +V￿c|@V￿c|3￿, . U￿
8c| ￿ U8c|> +714,
zkhuh V￿c| lv wkh vsrw sulfh ri fxuuhqf| l dw wlph w1 U￿
8c| uhsuhvhqwv wkh ulvn iuhh udwh ri wkh
frxqwu| wr zklfk fxuuhqf| l shuwdlqv dqg U8c| wkh grphvwlf ulvn iuhh udwh/ erwk ehlqj frqwlqxrxvo|
frpsrxqghg1 U￿M8
￿c| vkrxog eh yhu| forvh wr wkh uhwxuq uhdol}hg rq d ixwxuhv frqwudfw rq fxuuhqf|
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46Wdeoh 714= Sruwirolr*v dvvhwv dqg frqvwudlqwv1 Wkh vl{ pdunhwv duh ghqrwhgXV/ XN/ G +Jhupdq|,/
M +Mdsdq,/ FK +Vzlw}huodqg/ frxqwu| ri uhihuhqfh,/ Surs +Zruogzlgh surshuw| lqgh{,> wkh Zruog
Pdunhw Sruwirolr lv ghqrwhg Zuog1
H{fhvv uhwxuq rq 111 Uhwxuq Zhljkw frqvwudlqw
XV pdunhw lq FKI u￿M8
L7 3 9 zL7 9 4
XN pdunhw lq FKI u￿M8
Lg 3 9 zLg 9 4
Jhupdq pdunhw lq FKI u￿M8
( 3 9 z( 9 4
Mdsdqhvh pdunhw lq FKI u￿M8
a 3 9 za 9 4
Vzlvv pdunhw lq FKI u￿M8
￿M 3 9 z￿M 9 4
Surshuw| lq FKI u￿M8
￿oJR 3 9 z￿oJR 9 4
Zruog lqgh{ lq FKI u￿M8
‘o,_ 3 9 z‘o,_ 9 4
XV Grooduv lq FKI u￿M8
L7( ￿+zL7 . z￿oJR. z‘o,_, 9 zL7( 9 3
Ghxwvfkpdunv lq FKI u￿M8
(.￿ ￿z( 9 z(.￿ 9 3
Eulwlvk Srxqgv lq FKIW u￿M8
C￿￿ zLg 9 zC￿￿ 9 3
Mdsdqhvh \hq lq FKI u￿M8
a￿t ￿za 9 za￿t 9 3
￿ Wkh gl￿huhqw frqvwudlqw rq wkh Eulwlvk Srxqg lv gxh wr wkh idfw wkdw wklv fxuuhqf| lv txrwhg xvlqj wkh
%lqgluhfw txrwdwlrq%1
Qrwh= fxuuhqflhv hqwhu wkh htxdwlrqv iru khgjlqj sxusrvhv rqo|/ wkhuhiruh wkhlu zhljkwv duh dozd|v qhjdwlyh1
D fxuuhqf| h{srvxuh fdqqrw h{fhhg wkh wrwdo sruwirolr*v h{srvxuh wr dvvhwv ghqrplqdwhg lq wkdw jlyhq
fxuuhqf|1
714161 Uhdolvwlf Frqvwudlqwv rq Sruwirolr*v Zhljkwv
Wdeoh 714 lqwurgxfhv wkh qrwdwlrq L zloo xvh dqg vxppdul}hv wkh frqvwudlqwv wkdw L vhw rq wkhvh
zhljkwv1 Lq dgglwlrq wr wkhvh frqvwudlqwv rq wkh dvvhw fodvvhv dqg fxuuhqflhv lqyroyhg/ L dgrsw
wkh iroorzlqj frqvwudlqw rq wkh ryhudoo sruwirolr zhljkwv=
zL7 . zLg . z( . za . z￿M . z￿oJR. z‘o,_ @4 > +715,
lq rwkhu zrugv/ doo ri wkh sruwirolr kdv wr eh lqyhvwhg dqg qr ohyhudjh lv doorzhg1 Dowkrxjk
wklv htxdolw| zrxog w|slfdoo| eh d olwwoh ohvv vwulfw iru d uhdo zruog sruwirolr pdqdjhu/ lw doorzv
hdvlhu frpsdulvrq ri wkh ￿qdo uhvxowv1
714171 Fkrlfh ri wkh Lqvwuxphqwv
Wkh suhylrxvo| suhvhqwhg phwkrgrorj| doorzv iru lqvwuxphqwv wr h{sodlq wkh ulvn suhplxpv1
Udwkhu wkdq xvlqj lqvwuxphqwv wkdw zhuh irxqg vxffhvvixo lq suhylrxv vwxglhv/ L kdyh fkrvhq
khuh wr xvh wkuhh gl￿huhqw rqhv= wkh XV lqwhuhvw udwh gl￿huhqwldo/ wkh odjjhg uhwxuq rq wkh ulvn
idfwru lwvhoi/ dqg d whfkqlfdo lqglfdwru edvhg rq wkh uhwxuqv ri wkh ulvn idfwru1 L kdyh +duelwudulo|,
vhohfwhg d wuhqg lqglfdwru/ PDFG/ zklfk vwdqgv iru Prylqj Dyhudjh Frqyhujhqfh Glyhujhqfh1
Wklv lv d zlgho| xvhg lqglfdwru wkdw phdvxuhv lq shufhqwdjh wkh gl￿huhqfh ehwzhhq d orqj prylqj
47dyhudjh dqg d vkruw prylqj dyhudjh1 L vhw/ djdlq duelwudulo|/ wkh ydoxhv iru wkh orqj dqg wkh
vkruw prylqj dyhudjhv wr 63 dqg 48 shulrgv1
Djdlq/ pxfk ehwwhu dowhuqdwlyhv vkrxog eh dydlodeoh khuh wr sudfwlwlrqhuv zkr zrxog lp0
sohphqw d vlplodu vwudwhj|1 Wkh| pljkw kdyh uhfrxuvh wr rwkhu whfkqlfdo lqglfdwruv/ hvshfldoo|
wkrvh riwhq xvhg e| I[ wudghuv ru dq lqvwlwxwlrq*v rzq iruhfdvwv ri rwkhu yduldeohv dw wkh pdfur0
hfrqrplf ohyho1
7151 Ixuwkhu Ghwdlov rq wkh Hfrqrphwulf Vshfl￿fdwlrq
Dv phqwlrqhg suhylrxvo|/ L eholhyh wkdw wkh hfrqrphwulf prgho iru wkh wlph ydu|lqj fryduldqfhv
dqg sulfhv ri ulvn kdv wr eh vlpsoh dqg urexvw/ dv lw kdv wr kdqgoh d odujh pxowlyduldwh iudphzrun1
Wkh TWDUFK ri Jrxul￿ hurx{ dqg Prqiruw +4<<5, lv xvhg khuh/ ehfdxvh wkh frqfhsw ri ydulrxv
uhjlphv iru zklfk dq hfrqrplf lqwxlwlrq fdq eh irxqg dsshduv dwwudfwlyh1 Dv wkh fkrlfh ri wkh
sduwlwlrqlqj phwkrg lv idu iurp reylrxv exw dovr fuxfldo/ L zloo suhvhqw khuh uhvxowv iru ydulrxv
dssurdfkhv1 Lw lv vkrzq rq rqh kdqg krz wkh TWDUFK lv/ lq idfw/ d yhu| jhqhudo prgho wkdw
doorzv qxphurxv yduldwlrqv wkurxjk wkh sduwlwlrqlqj phwkrg1 Rq wkh rwkhu kdqg/ wkh uhdghu
dqg wkh uhvhdufkhu zloo eh uhplqghg ri wkh gdwd vqrrslqj sureohp phqwlrqhg hduolhu= orrnlqj
dw hqrxjk srvvleoh sduwlwlrqlqj phwkrgv zloo uhyhdo d ihz wkdw vhhp yhu| dsshdolqj wr srwhqwldo
lqyhvwruv/ mxvw olnh zkdw zrxog kdsshq lq wkh fdvh ri odujh qxpehuv ri udqgrpo| fuhdwhg uhwxuqv$
Irxu eurdg fodvvhv ri sduwlwlrqlqj phwkrgv zloo eh suhvhqwhg dqg dssolhg wr wkh gdwd/ vrph
ri wkhp lq pruh wkdq rqh yduldwlrq1 Wkh ￿uvw lv d vlqjoh sduwlwlrq prgho wkdw zloo eh uhihuuhg wr
dv wkh %xqfrqglwlrqdo prgho%1 Lw lv xqfrqglwlrqdo lq wkh vhqvh wkdw wkh prgho*v hvwlpdwhv gr qrw
ghshqg rq d %vwdwh0ri0wkh0zruog% gh￿qhg e| d sduwlwlrqlqj yduldeoh1 Qhyhuwkhohvv/ hvwlpdwhv dw
wlph w gr ghshqg rq ulvn suhplxpv fdofxodwhg e| xvlqj dydlodeoh lqvwuxphqwv dw wlph w￿41 Exw
wkh vrxufhv ri ulvn/ phdvxuhg e| wkh fryduldqfhv/ uhpdlq vwdeoh ryhu wlph1 Wkhvh wlph0ydu|lqj
h{shfwhg uhwxuqv zloo wkhuhiruh lq￿xhqfh wkh rswlpdo doorfdwlrq dw hdfk wlph w1 Wkh ghulyhg
rswlpdo sruwirolrv/ krzhyhu/ fdq eh h{shfwhg wr eh pxfk ohvv yrodwloh lq whupv ri dvvhw zhljkwv
wkdq zlwk wkh iroorzlqj sduwlwlrqlqj phwkrgv1
Wkh vhfrqg vshfl￿fdwlrq lv uhihuuhg wr dv %odjjhg pdunhw uhwxuqv%1 Wkh sduwlwlrqlqj yduldeoh
]| frqwdlqv wkh odjjhg uhwxuqv rq wkh zruog pdunhw sruwirolr1 L duelwudulo| gh￿qh wzr wkuhvkrogv/
￿4( dqg .4(/ wkdw fuhdwh wkuhh sduwlwlrqv dffrxqwlqj iru d ghfolqlqj pdunhw/ d pdunhw zlwk d
forvh wr }hur uhwxuq/ dqg d folpelqj pdunhw1
Wkh wklug prgho L frqvlghu lv edvhg rq sulqflsdo frpsrqhqwv dqdo|vlv +khuhdiwhu/ SFD,1S F D
kdv ehhq vxffhvvixoo| frpelqhg zlwk TWDUFK prghov/ iru lqvwdqfh e| Iudvhu hw do1 +5333,1W k h
lghd lv wr h{wudfw iurp doo dydlodeoh uhwxuqv wkh frpprq idfwruv wkdw h{sodlq prvw ri wkh wrwdo
yduldwlrqv lq uhwxuqv1 L uhsruw uhvxowv edvhg uhvshfwlyho| rq rqh/ wzr dqg wkuhh idfwruv/ wkdw duh
wkh prvw lpsruwdqw1 E| frqvwuxfwlrq/ wkhvh idfwruv duh vwdqgdugl}hg dqg wkhuhiruh d qdwxudo
wkuhvkrog lv }hur1 Wzr/ irxu dqg hljkw sduwlwlrqv duh uhvshfwlyho| fuhdwhg zlwk wklv phwkrgrorj|1
L zloo suhvhqw khuh d irxuwk sduwlwlrqlqj phwkrg wkdw L ghyhorshg ehfdxvh ri vrph hqfrxudjlqj
lqlwldo uhvxowv rewdlqhg e| Iudvhu hw do1 +5333, zkr xvh d vwdwlvwlfdo phwkrg wr ghulyh wkh
sduwlwlrqv1 Wklv vwdwlvwlfdo phwkrg lv foxvwhu dqdo|vlv/ d phwkrg ri sduwlwlrqlqj wkdw dwwulexwhv
revhuyhg fdvhv wr uhodwlyho| krprjhqhrxv jurxsv lq rughu wr surgxfh dq rshudwlrqdo fodvvl￿fdwlrq1
Wklv phwkrg zdv lqlwldoo| ghyhorshg e| Mrkqvrq +4<9:,1 Lw kdv ehhq xvhg wr fodvvli| vwrfnv
e|/ iru h{dpsoh/ Duqrww +4<;3,/ Edhu +4<<6,/ dqg Howrq dqg Juxehu +4<:4,1 Rwkhu vruwv ri
revhuydwlrqv kdyh ehhq fodvvl￿hg zlwk foxvwhu dqdo|vlv/ vxfk dv wrzqv dqg orfdolwlhv/ e| Dqguhzv
+4<:4,/ Jlxoldqr dqg Vpdoo +4<<4,/ Juryh dqg Urehuwv +4<;3,/ Ydudg| +4<<4,/ dqg orfdo surshuw|
pdunhwv e| Deudkdp/ Jrhw}pdqq dqg Zdfkwhu +4<<7,/ Jrhw}pdqq dqg Zdfkwhu +4<<8,1Y d q
Srhfn dqg Ydq Jrpsho +4<<7, kdyh xvhg sulqflsdo frpsrqhqw dqdo|vlv dqg foxvwhu dqdo|vlv wr
48jurxs Hxurshdq frxqwulhv dffruglqj wr lq￿dwlrq dqg lqwhuhvw udwhv1
Dsso|lqj foxvwhu dqdo|vlv wr d TWDUFK prgho lv lqwhuhvwlqj ehfdxvh wkh phwkrg lv d vwdwlv0
wlfdo rqh/ exw dovr ehfdxvh lq prvw fdvhv d vwurqj hfrqrplf lqwhusuhwdwlrq pd| vwloo eh irxqg iru
hdfk sduwlwlrq1 Iru lqvwdqfh/ rqh jurxs +ru sduwlwlrq, pd| frqwdlq doo revhuydwlrqv zkhuh Hxur0
shdq htxlwlhv shuiruphg zhoo zkloh wkh XV Groodu zdv ulvlqj +suredeo| d sxuh XV Groodu h￿hfw/
ehfdxvh Hxurshdq frpsdqlhv riwhq kdyh ehwwhu hduqlqj rxworrnv zkhq wkh XV Groodu lv kljkhu,1
Lq dqrwkhu jurxs zh pd| ￿qg doo revhuydwlrqv zkhuh/ vd|/ Hxurshdq htxlwlhv gurs ghvslwh d ulvh
lq wkh XV Groodu1 Udwkhu wkdq frqvlghulqj vxfk fdvhv d sulrul/ foxvwhu dqdo|vlv zloo fuhdwh jurxsv
edvhg rq d phwulf fkrvhq wr phdvxuh wkh vlplodulw| ri revhuydwlrqv ehwzhhq jurxsv1
Gl￿huhqw whfkqltxhv wr irup foxvwhuv fdq eh irxqg lq wkh olwhudwxuh1 Wkh wzr prvw frpprq
d u hu h i h u u h gw rd vn0phdqv dqg klhudufklfdo1 Zkhuhdv n0phdqv zdv xvhg lq frqqhfwlrq zlwk
TWDUFK ehiruh ^Jlolehuwr hw do1 +4<<<,/ iru lqvwdqfh‘/ L khuh xvh wkh klhudufklfdo phwkrg/ dv lw
vhhpv ehwwhu vxlwhg iru wkh sursrvhg h{whqvlrq1 Wkh lghd ri klhudufklfdo foxvwhulqj lv wkdw hdfk
revhuydwlrq ehjlqv dv d foxvwhu dqg surjuhvvlyho| rqh foxvwhu lv frpelqhg zlwk dqrwkhu xqwlo doo
duh lq d vlqjoh foxvwhu1 Rqfh d foxvwhu kdv ehhq iruphg/ lw fdqqrw eh vsolw> lw fdq rqo| eh frpelqhg
zlwk dqrwkhu foxvwhu1 Dowkrxjk dowhuqdwlyh phdvxuhv ri wkh glvwdqfh ehwzhhq revhuydwlrqv +ru
foxvwhuv, kdyh ehhq sursrvhg lq wkh olwhudwxuh/ L zloo uhvwulfw p|vhoi lq wklv vwxg| wr wkh lqlwldoo|
gh￿qhg phdvxuh/ zklfk lv wkh Hxfolghdq glvwdqfh1 Wklv lv dovr nqrzq dv wkh xqzhljkwhg sdluzlvh
jurxs phwkrg xvlqj dulwkphwlf dyhudjhv +XSJPD,1 Lw gh￿qhv wkh glvwdqfh ehwzhhq wzr foxvwhuv
dv wkh dyhudjh ri wkh glvwdqfhv ehwzhhq doo sdluv lq zklfk rqh phpehu ri wkh sdlu lv lq hdfk
ri wkh foxvwhuv1 D vlpsoh exw vxemhfwlyh phdvxuh lv prvwo| xvhg wr ghwhuplqh wkh dssursuldwh
qxpehu ri foxvwhuv1
Iljxuh 714 lv dq h{dpsoh ri krz 45 revhuydwlrqv +zklfk duh lq LU?, duh vxffhvvlyho| jurxshg
lqwr 45/ 8/ 7/ 6/ 5 dqg 4 foxvwhu+v,1 Wkhuh lv/ krzhyhu/ qr vwudljkwiruzdug wkhru| uhjduglqj
wkh qxpehu ri qhfhvvdu| lwhudwlrqv/ wkdw lv/ diwhu krz pdq| lwhudwlrqv wkh %uljkw% qxpehu ri
sduwlwlrqv kdv ehhq uhdfkhg1 Ixuwkhupruh/ vrph revhuydwlrqv uhpdlq vlqjoh/ dv lv wkh fdvh
ri revhuydwlrq [￿2 lq wkh h{dpsoh ehorz1 Wklv lv fohduo| lqfrpsdwleoh zlwk wkh vxevhtxhqw
TWDUFK phwkrgrorj|/ zkhuh d %vx￿flhqw% qxpehu ri revhuydwlrqv lv qhhghg lq hdfk sduwlwlrq
lq rughu wr fdofxodwh vljql￿fdqw frqglwlrqdo prphqwv1 L zloo uhsruw wkh uhvxowv iru wkh ￿uvw qrgh
+fruuhvsrqgv/ iru lqvwdqfh/ wr wzr foxvwhuv lq Iljxuh 714,/ wkh vhfrqg qrgh +6 foxvwhuv lq wkh
h{dpsoh, dqg wkh wklug qrgh +7 foxvwhuv,1
Ehiruh h{srvlqj krz L zloo h{whqg wkh wudglwlrqdo foxvwhu dqdo|vlv iru iruhfdvwlqj sxusrvhv
lq d TWDUFK frqwh{w/ L eulh￿| uhylhz wkh sulqflsdov ri wkh foxvwhu whfkqltxh1 Ohw [ eh wkh
W e| Q0glphqvlrqdo pdwul{ ri revhuydwlrqv1 Hdfk ri wkh M foxvwhuv lv gh￿qhg e| d fhqwur￿ lg F￿





zkhuh G+[|>F ￿, phdvxuhv wkh glvwdqfh ehwzhhq dq revhuydwlrq [| dqg fhqwur￿ lg F￿ e| vrph




+[|c￿ ￿ F￿c￿,2> +717,
zkhuh doo yduldeohv vkrxog eh vwdqgdugl}hg1



















Wkh pdlq gudzedfn ri foxvwhu dqdo|vlv+zkhwkhu n0phdqv ru klhudufklfdo, dssolhg wr TWDUFK
lv edvhg rq wkh dvvxpswlrq wkdw nqrzlqj wkh phpehuvkls ri revhuydwlrqv dw wlph w ￿ 4 zloo eh
xvhixo iru d iruhfdvw dw wlph w1 Lq rwkhu zrugv/ wkh frqglwlrqdo prphqwv ri doo revhuydwlrqv wkdw
duh vxfk wkdw wkh odjjhg revhuydwlrqv kdyh d jlyhq foxvwhu phpehuvkls vkrxog eh vljql￿fdqwo|
gl￿huhqw iurp wkh frqglwlrqdo prphqwv ri doo rwkhu revhuydwlrqv1 Lq idfw/ zh pd| zhoo rewdlq
yhu| glvwlqfw jurxsv zklfk |lhog yhu| vlplodu sdudphwhuv iru wkh qh{w shulrg1 Wkhuh pd| dovr eh
dq dwwulexwlrq wr zurqj foxvwhuv ri revhuydwlrqv wkdw |lhog yhu| vshfl￿f qh{w shulrg*v hvwlpdwhv/
vlpso| ehfdxvh wkh qh{w shulrg*v revhuydwlrqv kdyh qrw ehhq wdnhq lqwr dffrxqw1
Lq rughu wr ghulyh d jhqhudo iudphzrun zkhuh wkh foxvwhuv duh qrw qhfhvvdulo| rqo| iruphg rq
wkh vdph yduldeohv xvhg wr ghulyh wkh frqglwlrqdo prphqwv/ frqvlghu ]/dW e| q0glphqvlrqdo
pdwul{ ri %lqvwuxphqwv%1 Zh pd| kdyh ]| @ [|3￿/ lq zklfk fdvh Q lv htxdo wr q/e x w]| pd| dovr
frqwdlq rwkhu lqirupdwlyh yduldeohv revhuydeoh xs wr wlph w￿41 Wkh dwwulexwlrq ri revhuydwlrqv
wr foxvwhuv dqg wkh frqglwlrqdo prphqw hvwlpdwlrq lv grqh lq d wzr0vwhs surfhgxuh1 Dvvxplqj
wkdw doo yduldeohv duh vwdqgdugl}hg/ wkh ￿uvw vwhs lv wr gh￿qh iru hdfk w wkh phpehuvkls P| ri
revhuydwlrq [|/ zklfk lqyroyhv wkh glvwdqfh wr wkh fhqwur￿ lgv F￿ ri wkh fxuuhqw revhuydwlrq [|/
exw dovr ri ]|/ zklfk lv edvhg rq revhuydeoh lqirupdwlrq xs wr wlph w ￿ 4=
P| @ dujplq
￿
G+^ ￿]| +4 ￿ ￿,[| ‘>F ￿,> +718,
zkhuh F￿ lv ri glphqvlrq q . Q/d q g￿ +3 ?￿9 4, phdvxuhv wkh lpsruwdqfh jlyhq wr wkh
klvwrulfdo gdwd frqwdlqhg lq ]| uhodwlyh wr wkh suhvhqw gdwd frqwdlqhg lq [|1 Wkh ixoo gdwd vhw [
4:Wdeoh 715= Gh￿qlwlrq ri wkh prghov whvwhg1
Prgho Sduwlwlrqlqj Sdudphwhuv
4 Xqfrqglwlrqdo ￿
5 Klvwrulfdo Uhwxuqv Wkuhvkrog 4 @ ￿4(/ Wkuhvkrog 5 @ 4(
6 SFD 4 Sulqflsdo Frpsrqhqw @ 5 uhjlphv
7 5 Sulqflsdo Frpsrqhqwv @ 7 uhjlphv
8 6 Sulqflsdo Frpsrqhqwv @ ; uhjlphv
9 Hqkdqfhg Foxvwhulqj Iluvw qrgh
: Vhfrqg qrgh
; Wklug qrgh
p d |q r ze hv s o l wl q w rM vpdoohu gdwd vhwv/ ghqrwhg [￿ +m @4 >===>M,1 Hdfk gdwd vhw [￿ frqwdlqv
doo revhuydwlrqv [| wkdw duh vxfk wkdw P| @ m1 Zlwklq hdfk uhjlph d vhsdudwh uhjuhvvlrq prgho
pd| eh dssolhg=
[￿ @￿ ￿e ￿￿ . %￿> +719,
zkhuh ￿￿ lv d vhw ri +odjjhg, h{sodqdwru| yduldeohv dqg e ￿￿ uhjuhvvlrq frh￿flhqwv hvwlpdwhg
wkurxjk vlpsoh ROV iru uhjlph m1
Lq rughu wr dsso| wklv iudphzrun iru rxw0ri0vdpsoh iruhfdvwlqj/ vd|/ dw shulrg w .4 /w k h




zkhuh F￿ frqwdlqv wkh q ￿uvw revhuydwlrqv ri F￿1 D srlqw hvwlpdwh iru [|n￿/ jlyhq wkdw






|n￿ lv wkh h{sodqdwru| yduldeohv xvhg dw wlph w.4 lq uhjlph m1 Djdlq/ wkhvh yduldeohv
duh revhuydeoh dw wlph w1
7161 Uhvxowv
Lq wklv vhfwlrq L zloo suhvhqw vrph uhvxowv looxvwudwlqj wkh ydulrxv phwkrgrorjlhv suhvhqwhg vr idu/
lq sduwlfxodu wkrvh rewdlqhg zlwk wkh hqkdqfhg foxvwhulqj phwkrg1 Doo wrjhwkhu/ L zloo frqvlghu
; vhwv ri uhvxowv/ vxppdul}hg lq Wdeoh 7151 Wkh %xqfrqglwlrqdo% prgho lv xqfrqglwlrqdo lq wkh
vhqvh wkdw d vlqjoh sduwlwlrq lv fuhdwhg1 H{shfwhg uhwxuqv dqg yduldqfhv0fryduldqfhv gr fkdqjh
ryhu wlph/ ehfdxvh wkh ulvn suhplxpv iru wkh ydulrxv vrxufhv ri ulvn duh olqhdu frpelqdwlrqv ri
wlph0ydu|lqj lqvwuxphqwv1
Wkh irfxv zloo eh rq wkuhh w|shv ri uhvxowv1 Iluvw/ L zloo suhvhqw klvwrulfdo hvwlpdwhv edvhg rq
wkh ixoo vdpsoh ri revhuydwlrqv/ vkrzlqj lq sduwlfxodu krz wkh ydulrxv ulvn suhplxpv ydu| ryhu
4;wlph lq wkh ydulrxv uhjlphv1 Wkh vhfrqg vhulhv ri uhvxowv shuwdlqv wr wkh odvw %uroolqj zlqgrz%
hvwlpdwlrq1 Dv wkh odvw revhuydwlrq lq wkh gdwd vhw lv iru Pdufk 48/ 4<<</ wkh uhvxowv duh wkrvh
iru hvwlpdwlqj wkh ehvw dvvhw doorfdwlrq ehwzhhq wklv gdwh dqg rqh zhhn odwhu/ Pdufk 55?_/ 4<<<1
Wkh wklug dqg odvw vhw ri uhvxowv ghdo zlwk wkh dqdo|vlv ri wuxh rxw0ri0vdpsoh sur￿wv/ wkdw lv/ wkh
uhvxowv ri d g|qdplf wudglqj vwudwhj| zkhuh wkh sruwirolr lv uhdoorfdwhg ryhu wlph dffruglqj wr
wkh ydulrxv prghov1
Wkh dvvhw sulflqj prgho wkdw L xvh lv edvhg rq htxdwlrq 51:=
H+U￿M8



















| +U￿>U ￿,L￿|’￿> +7144,
zkhuh FRY
￿
| lv wkh fryduldqfh ri doo revhuydwlrqv ehorqjlqj wr uhmlph m1 Wkh uhwxuqv rq
wkh htxlw| lqglfhv duh ghqrwhg U￿M8
￿ +l uhihuv/ uhvshfwlyho|/ wr wkh Zruog Surshuw|/ XV/ XN/
Jhupdq/ Mdsdqhvh/ Vzlvv dqg Zruog htxlw| lqglfhv, dqg wkrvh rq wkh ulvn idfwruv u￿M8
& +n
uhihuv/ uhvshfwlyho|/ wr wkh XV Groodu/ wkh Eulwlvk Srxqg/ wkh Ghxwvfkpdun/ dqg wkh Mdsdqhvh
\hq,1 Wkh elqdu| yduldeoh L￿|’￿ wdnhv wkh ydoxh 4 zkhq P| lv htxdo wr uhjlph m/ }hur rwkhuzlvh1
Wkh frqglwlrqdo fryduldqfh whupv duh rewdlqhg wkurxjk rqh ri wkh frqglwlrqdo vshfl￿fdwlrqv/ wkdw
lv/ wkh TWDUFK prgho zlwk d jlyhq sduwlwlrqlqj surfhgxuh1 Wkh wlph0ydu|lqj ulvn suhplxpv
￿&c|/ wkh sulfh ri ulvn n dw wlph w/ duh rewdlqhg wkurxjk d uhjlph0e|0uhjlph olqhdu uhjuhvvlrq
lqyroylqj wkuhh lqvwuxphqwv lq dgglwlrq wr d frqvwdqw whup= wkh odjjhg uhwxuq rq wkh ulvn idfwru/
wkh PDFG+48/63, whfkqlfdo lqglfdwru dqg wkh lqwhuhvw udwh whup suhplxp1 Wkhvh duh lqfoxghg lq
wkh yhfwruv ]￿
&c| zklfk duh ri glphqvlrq 71 Wkh yhfwruv ri frh￿flhqwve&c￿ phdvxuh wkh frqwulexwlrq
ri hdfk lqvwuxphqw +soxv wkh frqvwdqw, wr wkh wrwdo ulvn suhplxp ￿&c|1
716141 Dq Dqdo|vlv ri Klvwrulfdo Uhwxuqv1
Lq wklv vhfwlrq L suhvhqw vrph uhvxowv iru wkh wlph0ydu|lqj ulvn suhplxpv ghulyhg xqghu wkh
ydulrxv frqglwlrqdo vshfl￿fdwlrqv1 Wr ehjlq zlwk/ Wdeoh 716 suhvhqwv wkh dyhudjh ulvn suhplxp
iru wkh ￿yh vrxufhv ri ulvn iru hdfk sduwlwlrqlqj phwkrg dqg hdfk uhjlph1 Lw fohduo| dsshduv iurp
wkh Wdeoh wkdw yhu| gl￿huhqw suhplxpv duh rewdlqhg/ rq dyhudjh/ iru wkh ydulrxv uhjlphv1 Zkloh
lq wkh %xqfrqglwlrqdo% fdvh wkh dyhudjh ulvn suhplxp lv srvlwlyh iru wkh Zruog Pdunhw +zklfk lv
zkdw rqh zrxog h{shfw,/ wkh suhplxpv iru doo fxuuhqflhv/ h{fhsw wkh Eulwlvk Srxqg/ duh vwurqjo|
qhjdwlyh1 L dovr suhvhqw wkh uhvxowv lq d judsklfdo irup lq Wdeoh 7171 Wkh hljkw Sdqhov uhihu wr wkh
sduwlwlrqlqj phwkrgv/ dqg hdfk Sdqho vkrzv wkh wlph0ydu|lqj ehkdylru ri wkh sulfh hvwlpdwhv1
Lw fdq hdvlo| eh vhhq wkdw vrph uhjlphv kdyh d yhu| vshfl￿f ehkdylru 1
Wkh Zruog Pdunhw ulvn lv jhqhudoo| srvlwlyho| sulfhg/ dowkrxjk wkh pdjqlwxgh lv yhu| gl￿huhqw
dfurvv uhjlphv1 Wzr h{fhswlrqv duh wkh ￿uvw uhjlph ghulyhg iru wkh %SFD06 Idfwruv% sduwlwlrqlqj
prgho dqg wkh irxuwk uhjlph iru wkh %Foxvwhu06h_ Qrgh% prgho1 Wkh Zruog Pdunhw ulvn suhplxp
lv vwurqjo| qhjdwlyh khuh1 Wkhvh wzr uhjlphv duh/ krzhyhu/ yhu| gl￿huhqw iurp rqh dqrwkhu/ dv
wkh ulvn suhplxpv iru wkh irxu rwkhu vrxufhv ri ulvn duh doo ri rssrvlwh vljqv1 Lq wkh SFD
fdvh/ wkh vljqv ri wkhvh rwkhu ulvn vrxufhv duh wkh vdph dv iru wkh xqfrqglwlrqdo sduwlwlrqlqj
phwkrg/ zkloh lq wkh Foxvwhu fdvh/ wkh ulvn vrxufh frh￿flhqwv duh ri rssrvlwh vljq1 Wkh rwkhu
4<Wdeoh 716= Phdq Frqglwlrqdo Ulvn Suhplxpv1
Wklv Wdeoh uhsruwv wkh phdqv ri wkh frqglwlrqdo ulvn suhplxpv fdofxodwhg iru wkh ydulrxv sduwlwlrqlqj
phwkrgv dqg uhjlphv1 Vljql￿fdqw suhplxpv dw wkh <8( +uhvshfwlyho|/ <<(, ohyho duh lqglfdwhg e| ￿
+uhvshfwlyho|/ ￿￿,1 Wkh ulvn suhplxp iru ulvn n dw wlph w lv rewdlqhg iurp wkh vshfl￿fdwlrq ￿n>w @
S
m ]3
n>wen>mLPw@m/ zkhuh n @ iXV Groodu/ Eulwlvk Srxqg/ Jhupdq GPdun/ Mdsdqhvh \hq/ Zruog Pdunhwj/
]3
n>w lv d yhfwru ri lqvwuxphqwv +d frqvwdqw/ wkh odjjhg uhwxuq rq wkh ulvn idfwru/ wkh PDFG+48/63,
whfkqlfdo lqglfdwru dqg wkh lqwhuhvw udwh whup suhplxp, dydlodeoh dw wlph w ￿ 41 Wkh m @4 >===>M uhjlphv
uhihu wr wkh TWDUFK vshfl￿fdwlrq1
XV Eulwvk Jhupdq Mdsdqhvh Zruog
Sduwlwlrqlqj Uhjlph Q Groodu Srxqg GPdun \hq Pdunhw
Xqfrqglwlrqdo 4 :<5 07166WW 51:4WW 0519:WW 031;6WW 6183WW
Klvwrulfdo 4 563 0:13<WW 7148WW 0;154WW 0:1<7WW 5158WW
Uhwxuqv 5 5;7 061<3WW 061:<WW :17:WW :187WW 9178WW
6 5;3 05169WW 9167WW 0:175WW 5138WW 6157WW
SFD 4 69; 0;154WW 0313; 05134 07165WW 6153WW
4 Idfwru 5 758 031;4WW 8138WW 06135WW 6193WW 61<4WW
SFD 4 4:8 044147WW 06188WW 9184WW 0;1;;WW 31<9W
5 Idfwruv 5 4<7 0715:WW 71:<WW 04<1<:WW 41:: 813<WW
6 4<8 061::WW 46147WW 064155WW <1<9WW 8186WW
7 564 041::WW 091;:WW 4;15;WW 031<:W 7199WW
SFD 4 ;6 055157WW 81:3W 0519; 046199WW 06174WW
6 Idfwruv 5 <6 0517; 08185W 4:1;9WW 091<7WW 4158
6 ;; 045136WW 04185 077187WW 051<3 615;W
7 43: 6133W <16<WW 08163 6187 :1:9WW
8 <9 0451<4WW 41:< 063147WW 06155 61;7WW
9 433 614;W 56177WW 0691<3WW 56198WW ;1:3WW
: 43; 6137WW 3135 <1:4 044137WW 4149
; 457 044145WW 049149WW 561<6WW 41:4 :1:8WW
Foxvwhu 4 7<: 051:9WW 414;W 316; 613:WW 6137WW
4t| Qrgh 5 5<9 09168WW 71<3WW 0:1:9WW 0713;WW 719;WW
Foxvwhu 4 4;9 091<3WW 81:;WW 04<1;8WW 0513;WW 61;5WW
5?_ Qrgh 5 5;6 41;3WW 041;5 51<< ;139WW 61;5WW
6 569 0<184WW 3183 045139WW 091;:WW 41<8WW
7 <3 0:19:WW 43176WW 68135WW 441<4WW 541;3WW
Foxvwhu 4 457 3179 ;1<4WW 0431::WW 31:8 5179W
6h_ Qrgh 5 48< 41:6 45194WW 04618<WW 8197W 51:8WW
6 437 043169WW 0617;W 914; 061<:WW 431:3WW
7 434 4715<WW 0541:7WW 5818:WW 4<159WW 091<5WW
8 454 0441<7WW <13:WW 0651<<WW 04413:WW 51:;WW
9 447 04915:WW 04<1:;WW 7144 03186W 5134WW
: :8 047159WW 91<9WW 4;1<8WW 4315<WW 58176WW
53ulvn suhplxpv kdyh yhu| gl￿huhqw vljq sdwwhuqv dfurvv sduwlwlrqlqj phwkrgv dqg uhjlphv1 Wkh
%Klvwrulfdo Uhwxuqv% dv zhoo dv wkh %SFD04 Idfwru% dqg %Foxvwhu04t| Qrgh% prghov doo uhsruw
dyhudjh srvlwlyh XV Groodu ulvn suhplxpv1 Lq rughu wr rewdlq uhjlphv zlwk srvlwlyh XV Groodu
ulvn suhplxpv/ wkh sduwlwlrqlqj phwkrg vkrxog jhqhudwh d odujhu qxpehu ri foxvwhuv1 Wklv lv
vxffhvvixoo| grqh zlwk wkh %SFD06 Idfwruv%/ %Foxvwhu05?_ Qrgh% dqg %Foxvwhu06h_ Qrgh%1 Wkh
%SFD04 Idfwru% dqg %Foxvwhu04t| Qrgh% prghov fohduo| ￿qg rssrvlwh vljqv lq wkh dyhudjh ulvn
suhplxp iru wkh Mdsdqhvh \hq1 Wdeoh 717 frq￿upv vrph ri wkhvh uhvxowv1 Iru vrph uhjlphv/
wkh ehkdylru ryhu wlph lv vwulnlqjo| gl￿huhqw1 Sdqho D shuwdlqlqj wr wkh %xqfrqglwlrqdo% fdvh
vkrzv d kljk ghjuhh ri yduldelolw| ri wkh Ghxwvfkpdun ulvn suhplxp/ zkloh wkh Zruog Pdunhw
dqg wkh XV Groodu fohduo| kdyh pruh vwdeoh sulfhv ri ulvn1 Wkh vhfrqg sduwlwlrqlqj phwkrg/
edvhg rq %Klvwrulfdo Uhwxuqv% dqg suhvhqwhg lq Sdqho E/ uhyhdov vrph lqwhuhvwlqj sdwwhuqv1 Wkh
uhjlphv duh fuhdwhg rq wkh suhylrxv zhhn*v ehkdylru ri wkh Zruog Pdunhw1 Wkrxjk rqh pljkw
h{shfw wkh sulfh ri wkh Zruog Pdunhw ulvn wr eh lq￿xhqfhg e| wkh vljq ri wkh suhylrxv zhhn*v
uhwxuq rq wkdw vrxufh ri ulvn/ wklv grhv qrw vhhp wr eh pxfk wkh fdvh1 Krzhyhu/ wkh sulfh ri
Mdsdqhvh \hq ulvn lv vpdoo zkhq wkh suhylrxv zhhn*v Zruog Pdunhw uhwxuq zdv deryh 4( +uhjlph
6,1 Wklv suhplxp vhhpv ri d odujh pdjqlwxgh dqg xqsuhglfwdeoh lq wkh fdvh ri uhjlph 5 +iru
vpdoo devroxwh ydoxhv ri wkh Zruog Pdunhw uhwxuq,> lq fdvh ri uhjlph 4/ diwhu d qhjdwlyh uhwxuq
rq wkh Zruog Pdunhw sruwirolr/ wkh \hq lv hlwkhu sulfhg srvlwlyho| ru qhjdwlyho|/ exw wkh sulfh
ehkdyhv lq d pruh v|vwhpdwlf zd|1 Iru wkh Ghxwvfkpdun/ vrph shuvlvwhqfh lq wkh sulfh ri ulvn
lv revhuyhg iru uhjlphv 5 dqg 61 Wkh Eulwlvk Srxqg ulvn suhplxp lv yhu| vprrwk lq uhjlph 4/
zkloh lwv sdwwhuq vhhpv fkdrwlf lq wkh wzr rwkhu uhjlphv1
Wklv ylvxdo dqdo|vlv ri wkh ulvn suhplxpv lq wkh ydulrxv uhjlphv vkrzv yhu| vshfl￿f ehkdylruv
lq vrph fdvhv/ dqg wkh shuvlvwhqfh ryhu wlph ri prvw sdwwhuqv vxjjhvwv wkdw d qrq0sdudphwulf
dssurdfk/ vxfk dv TWDUFK/ pljkw eh wkh lghdo wrro iru prgholqj wkhvh ulvn suhplxpv1 Vrph
sdwwhuqv fohduo| vhhp suhglfwdeoh lq0vdpsoh dqg wkhuhiruh pd| eh xvhg iru rxw0ri0vdpsoh suhglf0
wlrqv dv zhoo1
Wkh qh{w vhfwlrq suhvhqwv uhvxowv shuwdlqlqj wr wkh odvw %uroolqj zlqgrz%1 Wkh sdudphwhu
hvwlpdwlrq lv grqh xvlqj wkh ixoo vdpsoh ri revhuydwlrqv dqg wkh rswlpdo doorfdwlrq iru wkh ￿uvw
rxw0ri0vdpsoh shulrg/ Pdufk 55?_/ 4<<</ lv ghulyhg1
716151 Rswlpdo Doorfdwlrq Vwudwhj| iru Pdufk 55?_/ 4<<<
Wkh doorfdwlrq ghflvlrq iru Pdufk 55?_ ghshqgv/ iru doo exw wkh %xqfrqglwlrqdo% vshfl￿fdwlrqv/
rq wkh ydolg uhjlph iru wkdw gdwh/ zklfk lv ghwhuplqhg e| yduldeohv revhuydeoh wkh zhhn ehiruh1
Wkh h{shfwhg h{fhvv uhwxuqv rq wkh dvvhwv/ dv zhoo dv wkh fryduldqfhv ri wkh uhvlgxdov/ pd| eh
hvwlpdwhg lqglylgxdoo| iru doo srvvleoh uhjlphv/ dqg vhsdudwh h￿flhqw iurqwlhuv fdq eh ghulyhg
iru hdfk uhjlph xqghu wkh vhw ri frqvwudlqwv1 Wkhvh duh uhsuhvhqwhg lq Wdeoh 7181 Wkh hljkw
Sdqhov ghdo/ djdlq/ zlwk wkh hljkw sduwlwlrqlqj phwkrgv1 Zkloh wkh %xqfrqglwlrqdo% iurqwlhu
vkrzv d pd{lpxp h{shfwhg uhwxuq srlqw rq wkh iurqwlhu ri 31:( shu zhhn/ d forvhu orrn dw
wkh iurqwlhuv rewdlqhg xqghu wkh ydulrxv uhjlphv uhyhdov pxfk kljkhu pd{lpxp h{shfwhg uhwxuq
srlqwv1 Iru lqvwdqfh/ wkh %Klvwrulfdo Uhwxuqv% phwkrg fohduo| vxjjhvwv wzr uhjlphv/ rqh zlwk
forvh wr }hur h{shfwhg uhwxuqv/ dqg rqh +lq wklv fdvh uhjlph 4/ fruuhvsrqglqj wr vlwxdwlrqv zkhuh
suhylrxv zhhn*v Zruog Pdunhw uhwxuq zdv orzhu wkdq ￿4(, zkhuh wkh h{shfwhg uhwxuq udqjhv
ehwzhhq 318( +wkh plqlpxp yduldqfh srlqw, dqg 516( +wkh pd{lpxp uhwxuq srlqw,1 Djdlq/
wkhvh hvwlpdwhv duh rqo| ydolg dw wklv sduwlfxodu srlqw lq wlph/ dv wkh uhwxuq hvwlpdwhv duh/
wkurxjk wkh frqglwlrqdo ulvn suhplxpv/ d ixqfwlrq ri wkh ydoxh ri wkh lqvwuxphqwv dw wklv wlph1
Wkh SFD sduwlwlrqlqj phwkrgv dovr uhyhdo yhu| gl￿huhqw h￿flhqw iurqwlhuv1 Zkhq 6 idfwruv duh
frqvlghuhg/ wzr iurqwlhuv zlwk yhu| kljk h{shfwhg uhwxuqv +durxqg 8( iru wkh pd{lpxp uhwxuq
srlqwv, duh ghulyhg1 Wkh foxvwhulqj phwkrg zkhuh wkh uhvxowv duh wdnhq dw wkh ￿uvw qrgh vkrz
54Wdeoh 717= Wlph0ydu|lqj ulvn suhplxpv edvhg rq wkh ixoo vdpsoh ri revhuydwlrqv1 Doo revhuydwlrqv
duh udqnhg e| uhjlph phpehuvkls1






















Sdqho E1 Klvwrulfdo 0 6 uhjlphv1 Sdqho I1 Foxvwhuv04t| qrgh1
Regime 1 Regime 2 Regime 3 Regime 1 Regime 2
S d q h oF 1S F D04I d f w r u 1 S d q h oJ 1F o x v w h u v05 ?_ qrgh1
Regime 1 Regime 2 Regime 1 Regime 2 Regime 3 Regime 4
S d q h oG 1S F D05I d f w r u v 1 S d q h oK 1F o x v w h u v06 h_ qrgh1











55wzr yhu| vlplodu iurqwlhuv/ zkloh dw wkh vhfrqg qrgh rqh ri wkh uhjlphv |lhogv d iurqwlhu fohduo|
deryh doo rwkhuv1 Wklv lv dovr wkh fdvh iru wzr uhjlphv dw wkh wklug qrgh1
Hdfk ihdvleoh srlqw rq wkh iurqwlhu lv rewdlqhg e| plqlpl}lqj wkh sruwirolr*v yduldqfh xqghu
wkh vhw ri frqvwudlqwv rq wkh zhljkwv=
plq
￿ z￿Yz/ vxemhfw wr iz￿U @ U > Vj> +7145,
zkhuh U lv wkh yhfwru ri h{shfwhg uhwxuqv/ Y lv wkh pdwul{ ri yduldqfhv0fryduldqfhv/ z lv
wkh yhfwru ri sruwirolr zhljkwv/ dqg U lv wkh ohyho ri h{shfwhg uhwxuq iru zklfk wkh plqlpxp
yduldqfh lv wr eh ghwhuplqhg1 V lv wkh vhw ri jhqhudo frqvwudlqwv rq wkh zhljkwv wkdw uh￿hfw
wkh sruwirolr pdqdjhu*v remhfwlyhv1 Wkh ￿qdo srlqw rq wkh h￿flhqw iurqwlhu wkdw zloo eh vhohfwhg
ghshqgv rq lqglylgxdo suhihuhqfhv1 Dq riwhq pdgh dvvxpswlrq lv wkdw wkh lqyhvwru kdv d uhodwlyh
ulvn dyhuvlrq htxdo wr wzlfh klv pdujlqdo udwh ri vxevwlwxwlrq ri h{shfwhg uhwxuq iru yduldqfh
^vhh/ iru lqvwdqfh/ Vroqln +4<<6,‘1 Lq wkdw fdvh/ wkh rswlpdo dvvhw kroglqjv duh rewdlqhg iurp wkh
iroorzlqj rswlpl}dwlrq surjudp=
plq
￿ z￿Yz￿ zU/ vxemhfw wr iVj= +7146,
Hylghqfh iurp wkh hpslulfdo olwhudwxuh vxjjhvwv wkdw wklv ydoxh ri 5 lv d jrrg hvwlpdwlrq iru
wkh uhodwlyh ulvn dyhuvlrq frh￿flhqw ri prvw lqyhvwruv1 Lq dgglwlrq wr frqvlghulqj wklv rswlpdo
srlqw rq wkh iurqwlhu/ L zloo dovr vlpxodwh wzr rwkhu lqyhvwruv zkr vhohfw wkhlu rswlpdo sruwirolr/
uhvshfwlyho| edvhg rq wkh pd{lpxp uhwxuq2ulvn udwlr dqg rq wkh plqlpxp yduldqfh fulwhulxp1
Dv doo uhwxuqv duh lq h{fhvv ri wkh grphvwlf ulvn iuhh udwh/ wklv lv vlpso| wkh srlqw ri wdqjhqf| ri d






/ vxemhfw wr iVj +7147,
iru wkh pd{lpxp uhwxuq2ulvn udwlr/ dqg iurp=
plq
￿ z￿Yz / vxemhfw wr iVj= +7148,
iru wkh plqlpxp yduldqfh fulwhulxp1
Wdeohv 719/ 71: dqg 71; uhsruw wkh frpsrvlwlrqv ri wkh rswlpdo sruwirolrv rewdlqhg iru hdfk ri
wkhvh wkuhh lqyhvwruv1 Lw vkrxog eh qrwhg wkdw wkh ￿jxuhv duh edvhg rq h{shfwhg prphqw hvwlpdwhv
iru Pdufk 55?_ dqg vkrxog qrw eh lqwhusuhwhg dv doorfdwlrqv uhvxowlqj iurp klvwrulfdo frqvwdqw
hvwlpdwhv ri wkhvh prphqwv1 Wkh %xqfrqglwlrqdo% doorfdwlrq phwkrg vxjjhvwv dq doorfdwlrq ri
540:< shufhqw wr/ uhvshfwlyho|/ XV dqg Mdsdqhvh htxlwlhv iru wkh lqyhvwru zlwk d uhodwlyh ulvn
dyhuvlrq frh￿flhqw ri 51 Lq dgglwlrq/ erwk fxuuhqf| ulvnv vkrxog eh ixoo| khgjhg1 Edvhg rq wkh
pd{lpxp uhwxuq2ulvn udwlr/ wkh sruwirolr vkrxog eh ixoo| lqyhvwhg lq Mdsdqhvh htxlwlhv dqg wkh
fxuuhqf| ulvn ixoo| khgjhg1￿
￿A￿iti @hic Lu UL￿htic ￿hhi@*￿t|￿U ￿i@￿) ￿i￿}￿|t |L @ t￿?}*i 4@h!i|c ￿￿￿U￿ ?L TLh|uL*￿L 4@?@}ih ￿? Th@U|￿Ui
￿L￿*_ i￿ih uL**L￿￿ W| ￿L￿*_ Mi ￿ih) i@t) |L @__ UL?t|h@￿?|t L? |￿i 4@ ￿4￿4 @**LU@|￿L? |L i@U￿ 4@h!i| @ 4@?@}ih
￿t @**L￿i_ |L( ￿L￿i￿ihc |￿￿t ￿L￿*_ Mi tL @hM￿|h@h*) ￿? ?@|￿hic |￿@| W ￿@￿i U￿Lti? ?L| |L ￿?U*￿_i |￿iti @__￿|￿L?@*
UL?t|h@￿?|t ￿? |￿iti t￿4￿*@|￿L?￿
56Wdeoh 718= H￿flhqw iurqwlhuv edvhg rq h{shfwhg uhwxuqv dqg yduldqfhv0fryduldqfhv hvwlpdwhv iru
Pdufk 55?_/ 4<<<1
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57Wdeoh 719= Rswlpdo zhljkwv iru wkh sruwirolr rq wkh h￿flhqw iurqwlhu zlwk d ulvn0dyhuvlrq frh￿0
flhqw ri 5/ hvwlpdwhg iru wkh zhhn hqglqj Pdufk 55?_/ 4<<<1
Zhljkwv Pdunhw Lqglfhv Zhljkwv Fxuuhqflhv
Sduwlwlrqlqj H+Ul, ￿+Ul, S u sX VX NG M F KZ u o gXVG JES GHP MS\
Xqfrqglwlrqdo￿ 3187 61:< 54 :< 054 0:<
Klvwrulfdo 4 41<6 71<5 48 ;8 048 0;8
Uhwxuqv 5 3137 513: 6: 97 0433
6￿ 3136 41:< 433 0433
SFD 4 4156 815< 433 0433
4 Idfwru 5￿ 314; 51;9 45 8; 5< 075 08;
SFD 4 3175 81;8 433 0433
5 Idfwruv 5 415< 6177 55 66 : 5 058 06 0:5
6 316: 41<; 43 99 ; 49 0<5
7￿ 317< 61:< ;< 5 0; 0<5
SFD 4 61;7 6134 89 77 0433
6 Idfwruv 5 0317< 5134 4< < 0433
6 715< 518; < ; 6: 7: 088 0; 06:
7 319: 7183 433 0433
8 41<6 41;; 45 ;; 0433
9 3138 51:< 433
: 41<4 5164 5< 4: 83 7 04: 083
;￿ 314; 5185 9: 66 09: 066
Foxvwhu 4￿ 3176 515: 6 44 ; 63 7; 095 0; 063
4vw Qrgh 5 3183 614; 85 77 7 077
Foxvwhu 4￿ 3163 5149 <8 4 7 3 07< 084
5qg Qrgh 5 3144 516: 88 78 088 078
6 31;: 71;: ;6 4: 04: 0;6
7 31;5 5136 74 5< 63 048
Foxvwhu 4￿ 31;5 517; 7; 5: 4; : 05: 09
6ug Qrgh 5 4189 51:5 <5 ; 0433
6 5154 51;3 76 8: 08:
7 03155 61;7 <5 ; 0<5
8 5174 81<8 44 3 3 04 0433
9 3154 41<5 433 0433
: 316; 41<7 76 44 79 044
Qrwh= Wkh Wdeoh uhsruwv wkh rswlpdo kroglqjv lq shufhqwdjh1 Wkh dvvhwv duh/ uhvshfwlyho|/ wkh Zruog
Surshuw| Lqgh{/ wkh htxlw| pdunhwv lq wkh XV/ wkh XN/ Jhupdq|/ Mdsdq dqg Vzlw}huodqg/ wkh XV Groodu
+XVG,/ wkh Eulwlvk Srxqg +JES,/ wkh Ghxwvfkpdun +GHP,/ wkh Mdsdqhvh \hq +MS\, dqg wkh Zruog
Pdunhw Lqgh{1 Wkh odwwhu ￿yh duh dovr wkh ulvn vrxufhv1 Wkh rswlpdo srlqwv rq wkh iurqwlhu duh ghulyhg
xqghu wkh frqvwudlqwv wkdw wkh vxp dvvhw zhljkwv +h{foxglqj fxuuhqflhv, lv htxdo wr rqh/ dqg wkdw fxuuhq0
flhv/ zkhq xvhg/ duh iru khgjlqj sxusrvhv rqo|1 Wkh ￿ lqglfdwhv zklfk lv wkh ydolg uhjlph iru wkh gdwh ri
iruhfdvw +wkh rwkhu uhjlphv duh rqo| uhsruwhg iru lqirupdwlrqdo sxusrvhv,1
58Wdeoh 71:= Rswlpdo zhljkwv iru wkh sruwirolr rq wkh h￿flhqw iurqwlhu zlwk wkh kljkhvw h{shfwhg
uhwxuq2ulvn udwlr/ hvwlpdwhg iru wkh zhhn hqglqj Pdufk 55?_/ 4<<<1
Zhljkwv Pdunhw Lqglfhv Zhljkwv Fxuuhqflhv
Sduwlwlrqlqj H+Ul, ￿+Ul, Sus XV XN G M FK Zuog XVG JES GHP MS\
Xqfrqglwlrqdo￿ 3199 7197 433 0433
Klvwrulfdo 4 5156 81:3 433 0433
Uhwxuqv 5 3137 41;3 << 4 0433
6￿ 3136 41:< 433 0433
SFD 4 4156 815< 433 0433
4 Idfwru 5￿ 3153 613: 48 99 4< 068 099
SFD 4 3175 81;8 433 0433
5 Idfwruv 5 4193 716; 433 0433
6 316< 5145 5< :4 0433
7￿ 3184 7133 433 0433
SFD 4 718: 6196 433 0433
6 Idfwruv 5 0317< 5134 433 0433
6 816: 61:7 433 0433
7 319: 7183 433 0433
8 5197 613< 433 0433
9 3138 51:< 433
: 5194 6189 433 0433
;￿ 314< 518; 95 6; 095 06;
Foxvwhu 4￿ 319< 7148 433 0433
4vw Qrgh 5 31:5 8138 8< 8 0<8
Foxvwhu 4￿ 3174 6149 433 0433
5qg Qrgh 5 3144 516: 87 7: 087 07:
6 31<< 818; 433 0433
7 4185 7193 433 0433
Foxvwhu 4￿ 31;: 51:6 :9 58 058
6ug Qrgh 5 4195 51;6 433 0433
6 518< 6185 433 0433
7 0315: 51<: 97 69 097
8 5175 81<; 433 0433
9 3154 41<5 433 0433
: 317: 5194 9< 64 064
Qrwh= vhh Wdeoh 7191
59Wdeoh 71;= Rswlpdo zhljkwv iru wkh plqlpxp yduldqfh sruwirolr rq wkh h￿flhqw iurqwlhu/ hvwlpdwhg
iru wkh zhhn hqglqj Pdufk 55?_/ 4<<<1
Zhljkwv Pdunhw Lqglfhv Zhljkwv Fxuuhqflhv
Sduwlwlrqlqj H+Ul, ￿+Ul, S u sX VX NG M F KZ u o gXVG JES GHP MS\
Xqfrqglwlrqdo￿ 3148 41;8 49 ; 8 45 8; 0:7
Klvwrulfdo 4 3177 5157 4; 5 47 ; 8; 0:9
Uhwxuqv 5 3133 418: 44 4: 4< 86 097
6￿ 03134 41:4 4< 9 < 8 94 0;3
SFD 4 3154 513< 49 7 9 48 8< 0:8
4 Idfwru 5￿ 3138 4194 4: 47 7 43 88 0:6
SFD 4 03159 5138 6: 9 43 7; 0;8
5 Idfwruv 5 3179 5135 84 < : 9 ; 099
6 3165 41;8 54 7 43 99 0;:
7￿ 3134 4163 43 57 58 74 084
SFD 4 0315: 41;; 75 4; 56 4: 093
6 Idfwruv 5 03188 41<< 49 4 ;6 0<<
6 613< 5164 5 : 54 56 6 77 079
7 03164 4183 6< < 5 45 6; 0::
8 4163 41:6 49 44 :6 0;: 044
9 0316: 41<3 59 < 4 97 0<3
: 3186 4156 49 7 6: 76 067
;￿ 3133 4163 84 ; 6 3 4 76 6 089
Foxvwhu 4￿ 3163 41;4 48 4; 9: 09:
4vw Qrgh 5 3145 41:7 86 45 9 63 0;5
Foxvwhu 4￿ 314; 41:9 <<7 :: 50;4
5qg Qrgh 5 03139 4197 4; 4; 59 6; 089
6 3154 5155 46 45 6 :4 0;8
7 315< 4149 66 48 9 47 64 098
Foxvwhu 4￿ 3173 41:9 46 45 8 6 9; 0;4
6ug Qrgh 5 03145 4184 <:5 6 <7 6084 05
6 031<8 419< 6: 9 46 77 0;3 08
7 031:3 419< 64 48 87 087
8 3177 5183 74 8 ; 5 0;8
9 3134 41:7 73 44 8 77 0;7
: 03136 4146 5< 46 < 45 6: 099
Qrwh= vhh Wdeoh 7191
5:Iru wkh lqyhvwru zlwk d uhodwlyh ulvn dyhuvlrq ri 5 +vhh Wdeoh 719,/ wkh %Klvwrulfdo Uhwxuqv%
phwkrg vxjjhvwv wr eh ixoo| lqyhvwhg lq wkh Zruog Pdunhw sruwirolr zlwk wkh fxuuhqf| h{srvxuh
+wkh uhwxuq rq wkh Zruog Pdunhw lv phdvxuhg lq XV Grooduv, ixoo| khgjhg1 Lw lv lqwhuhvwlqj wr
qrwh khuh wkdw iru wklv sduwlwlrqlqj phwkrg d odujh sduw ri wkh sruwirolr kdg wr eh doorfdwhg wr
wkh Mdsdqhvh pdunhw lq uhjlph 4/ zkhuh wkh suhylrxv zhhn*v uhwxuq rq wkh Zruog Pdunhw zdv
ehorz ￿4(1 Uhjlph 5/ zkhuh wklv uhwxuq zdv ehwzhhq ￿4( dqg .4(/ zrxog vxjjhvw d 6:(
doorfdwlrq wr uhdo hvwdwh ixqgv1 Wkh fxuuhqw uhjlph iru wkh vlqjoh idfwru SFD prgho dovr vxjjhvwv
d 8;( doorfdwlrq wr Mdsdq/ wkh uhvw ehlqj doorfdwhg wr surshuw| +45(, dqg wkh Zruog Pdunhw
+5<(,1 Doo fxuuhqflhv duh/ djdlq/ ixoo| khgjhg1 Iru wkh wzr0idfwru SFD/ Mdsdq vkrxog uhsuhvhqw
<5( dqg surshuw| ;(1 Rqo| zkhq wkuhh idfwruv duh frqvlghuhg zlwklq wkh SFD phwkrg lv wkh
Mdsdq h{srvxuh uhgxfhg wr 66(/ zkloh wkh XN htxlwlhv qrz dffrxqw iru 9:(1 Wkh frqfoxvlrq vr
idu lv wkdw zkdwhyhu wkh sduwlwlrqlqj phwkrg xvhg +xqfrqglwlrqdo/ edvhg rq klvwrulfdo uhwxuqv ru
rq dq| ri wkh SFD dqdo|}hv,/ wkh vxjjhvwhg doorfdwlrq lv uhodwlyho| krprjhqhrxv/ dwwulexwlqj d
odujh sduw wr Mdsdq zlwk wkh fxuuhqf| h{srvxuh ixoo| khgjhg1 Hyhq wkh Foxvwhu phwkrg wdnhq dw
wkh ￿uvw qrgh vwloo doorfdwhv 63( wr Mdsdq/ zkloh wkh rwkhu wzr qrghv uhvshfwlyho| vxjjhvw 3( dqg
5:( wr wklv frxqwu|1 Wkh foxvwhu whfkqltxhv wkhuhiruh vxjjhvw ohvv krprjhqhrxv uhvxowv1 Iurp
dq lqwxlwlyh srlqw ri ylhz/ lw lv uhdvvxulqj zkhq ydulrxv sduwlwlrqlqj phwkrgv vxjjhvw vlplodu
doorfdwlrqv1 Rq wkh rwkhu kdqg/ lw pljkw eh lqyhvwljdwhg krz d wudglqj uxoh frxog eh ghyhorshg
zkhuh wudghv duh wdnhq rqo| zkhq doo phwkrgv vxjjhvw d vlplodu doorfdwlrq wr d jlyhq dvvhw1
Zkhuhdv wkhvh duh lpsruwdqw lvvxhv iru wkh hyhu| gd| wudghu/ wkh| duh eh|rqg wkh vfrsh ri wklv
vhfwlrq1
Wdeoh 71: uhsruwv wkh uhvxowv iru sruwirolrv doorfdwhg dffruglqj wr wkh kljkhvw Vkdush udwlr1 Iru
wklv sduwlfxodu gdwh w +dqg/ khqfh/ ydoxhv ri wkh lqvwuxphqwv dqg ulvn idfwruv,/ prvw frqglwlrqdo
prghov |lhog %doo% ru %qrwklqj% doorfdwlrqv1 Wklv lv gxh wr wkh irup ri wkh iurqwlhu lq wkhvh
fdvhv/ zkhuh wkh srlqw ri wkh kljkhvw Vkdush udwlr fruuhvsrqgv wr wkh h{wuhph uljkw srlqw ri wkh
iurqwlhu +kljkhvw h{shfwhg uhwxuq,1
Ilqdoo|/ Wdeoh71; uhsruwv wkh vxjjhvwhg dvvhw kroglqjv zkhq wkh vhohfwhg sruwirolr lv wkdw
zlwk wkh plqlpxp yduldqfh1 Dv frxog eh h{shfwhg/ ohvv h{wuhph zhljkwv duh jhqhudoo| jlyhq
wr d ihz dvvhwv1 Lq fdvh ri wkh xqfrqglwlrqdo prgho/ rqo| 45( vkrxog eh doorfdwhg wr grphvwlf
+Vzlvv, dvvhwv/ zkloh d odujh sduw lv ghyrwhg wr wkh Zruog Pdunhw sruwirolr/ zlwk khgjhg fxuuhqf|
ulvn1 Wkh rwkhu sduwlwlrqlqj phwkrgv vkrz vlplodu uhvxowv/ lq wkh vhqvh wkdw d uhodwlyho| vpdoo
sursruwlrq ri wkh sruwirolr vkrxog eh doorfdwhg wr wkh grphvwlf dvvhw fodvv1 Wklv lv lq olqh zlwk
wkh frqfoxvlrq ri prvw uhvhdufkhuv lq wklv ￿hog/ zkr vxjjhvw wkdw lqyhvwruv whqg wr ryhu0zhljkw
wkhlu grphvwlf dvvhw fodvv1e Lqwhuhvwlqjo|/ hdfk ri wkh 9 vwdwlvwlfdo sduwlwlrqlqj phwkrgv +edvhg rq
SFD dqg Foxvwhu dqdo|vlv, kdv rqh uhjlph zlwk d pxfk kljkhu grphvwlf doorfdwlrq1 Doo uhjlphv
dovr vxjjhvw wr doorfdwh d kljk shufhqwdjh wr wkh Zruog pdunhw sruwirolr/ ehwzhhq 4:( dqg ;6(1
Frqwudluo| wr zkdw zdv vxjjhvwhg iru wkh wzr suhylrxv srlqwv rq wkh iurqwlhu/ wkh doorfdwlrq wr
wkh Mdsdqhvh pdunhw uhpdlqv pdujlqdo dqg lv suhvhqw iru d ihz uhjlphv rqo|1
Surshuw| lv wkh dvvhw fodvv wkdw lv doprvw qhyhu vhohfw e| dq| frqglwlrqdo prgho/ zkdwhyhu wkh
dvvxpswlrq derxw wkh lqyhvwru*v suhihuhqfhv1 Wklv uhvxow lv yhu| vshfl￿f wr wkh gdwh iru zklfk
wkh doorfdwlrq lv pdgh1 Wkh rswlpdo zhljkwv ghshqg rq wkh ydoxhv ri wkh lqvwuxphqwv xvhg wr
ghwhuplqh wkh ulvn suhplxp iru hdfk ri wkh idfwruv/ zklfk duh/ lq wxuq/ frqglwlrqdo rq d uhjlph1
716161 Wudglqj Vwudwhjlhv Dqdo|vlv
Wkh uhdo whvw ri dq| hfrqrphwulf vshfl￿fdwlrq wkdw lv lqwhqghg iru iruhfdvwlqj sxusrvhv lv wkh
dqdo|vlv ri wkh rxw0ri0vdpsoh vlpxodwhg shuirupdqfh1 Lq wkh suhvhqw fdvh/ wkh rswlpdo krolglqjv
e5ii 5L*?￿! E￿b.e￿c uLh ￿?t|@?Ui￿
5;dw hdfk srlqw lq wlph zhuh ghulyhg iurp dq rswlpl}dwlrq sureohp wkdw plqlpl}hg wkh sruwirolr*v
yduldqfh vxemhfw wr d vhw ri frqvwudlqwv1 Frqvhtxhqwo|/ wkh rxw0ri0vdpsoh uhwxuqv rq wkh dfwlyh
wudglqj vwudwhj| kdyh wr eh frpsduhg wr wkh uhwxuqv rq wkh ehqfkpdun +lq whupv ri dyhudjh
uhwxuqv/ vwdqgdug ghyldwlrqv ri wkhvh uhwxuqv/ hwf1,1D Wkh Zruog Pdunhw sruwirolr lv wdnhq dv wkh
ehqfkpdun1 Wkh uhvxowv iru wkh qlqh prghov duh suhvhqwhg lq Wdeoh 71<1 Wkh vdpsoh frqvlvwv
ri 763 wuxo| rxw0ri0vdpsoh jhqhudwhg zhhno| sruwirolr uhwxuqv/ iurp Mdqxdu| 4<<4 wr Pdufk
4<<<1 Wkh Zruog Pdunhw lqgh{ |lhogv dq dqqxdol}hg h{fhvv uhwxuq ri ;1<( zlwk dq dvvrfldwhg
w￿vwdwlvwlf ri rqo| 41791 Zkhq wkh lqyhvwru zlwk d ulvn dyhuvlrq frh￿flhqw ri wzr lv frqvlghuhg/
rqo| wzr vshfl￿fdwlrqv |lhog d ehwwhu shuirupdqfh wkdq wkh Zruog Pdunhw lq whupv ri erwk
dyhudjh uhwxuqv dqg w￿vwdwlvwlfv= wkh xqfrqglwlrqdo prgho dqg wkh Foxvwhu05qg Qrgh1 Doo rwkhu
vwudwhjlhv |lhog srruhu shuirupdqfhv wkdq wkh Zruog Pdunhw sruwirolr1 Wkh SFD prgho zlwk
5 idfwruv grhv zhoo zkhq wkh sruwirolr zlwk wkh kljkhvw h{shfwhg uhwxuq2ulvn lv vhohfwhg= dq
dyhudjh dqqxdo uhwxuq ri doprvw 9 shufhqwdjh srlqwv kljkhu wkdq rq wkh Zruog pdunhw sruwirolr1
Wkh uhdo lqwhuhvwlqj uhvxowv frph/ krzhyhu/ iurp wkh plqlpxp yduldqfh sruwirolrv/ zklfk |lhog
kljkhu uhwxuqv dqg kljkhu w￿vwdwlvwlfv wkdq wkh Zruog Pdunhw/ zkdwhyhu wkh g|qdplf prgho
xqghu frqvlghudwlrq1 Wkh ehvw uhvxow lv rewdlqhg zlwk wkh SFD zlwk 6 idfwruv/ iru zklfk wkh
dqqxdol}hg uhwxuq lv 7 shufhqwdjh srlqwv kljkhu wkdq iru wkh ehqfkpdun/ zkloh wkh dvvrfldwhg
w￿vwdwlvwlf lv doprvw wzlfh dv odujh +51;3 lqvwhdg ri 4179,1 Iru doo plqlpxp yduldqfh sruwirolrv
lv wkh w￿vwdwlvwlfv deryh 51
Iljxuh 715= Fxpxodwhg uhwxuqv +lq orj, rewdlqhg rxw0ri0vdpsoh iru wkh %SFD 6 Idfwruv% vwudwhj|





































































































D judsklf uhsuhvhqwdwlrq ri wkh uhvxowv lv jlyhq lq Iljxuh 715/ zklfk vkrzv wkh fxpxodwhg
uhwxuqv +lq orj, iru wkh %SFD 6 Idfwruv% frqglwlrqdo prgho1 Wkh zhljkwv duh wkrvh iurp wkh
plqlpxp yduldqfh sruwirolr1 Wkh Zruog pdunhw sruwirolr lv dovr uhsuhvhqwhg1 Lq pdq| fdvhv
ri wxuprlo +odujh qhjdwlyh pdunhw uhwxuqv, grhv wkh frqglwlrqdo dvvhw doorfdwlrq ehwwhu wkdq wkh
DWu ￿i ￿@_ U￿Lti? |L 4￿?￿4￿3i |￿i ￿@h￿@?Ui Lu |￿i ￿@U|￿￿i￿ hi|￿h?t E|￿i hi|￿h?t L? |￿i TLh|uL*￿L 4￿?￿t |￿i
hi|￿h?t L? |￿i Mi?U￿4@h!￿ t￿M￿iU| |L @ ti| Lu UL?t|h@￿?|t |￿@| ￿?U*￿_it |￿i hi|￿h? M) ￿￿￿U￿ |￿i TLh|uL*￿L ￿@t |L
L￿|TihuLh4 |￿i Mi?U￿4@h!c |￿i? |￿i TihuLh4@?Ui Lu |￿i |h@_￿?} t|h@|i}) ￿L￿*_ Mi @?@*)3i_ ￿? |ih4t Lu hi|￿h?
@?_ h￿t! Lu |￿i ￿@U|￿￿i￿ hi|￿h?t￿
5<Wdeoh 71<= Rxw0ri0vdpsoh dqqxdol}hg uhwxuqv ri wkh wudglqj vwudwhjlhv/ iurp Mdqxdu| 4<<3 wr
Pdufk 4<<<1
Ulvn Pd{
Zruog Dyhuvlrq Uhwxuq Plqlpxp
Prgho Pdunhw @5 Ulvn Yduldqfh
Xqfrqglwlrqdo ;1<( <1;(W 71<( <1<(W
+4179, +4178, +3185, +5154,
Klvwrulfdo ;14( 619( <1;(W
Uhwxuqv +4133, +3169, +5149,
SFD 91:( 416( <1<(W
4 Idfwru +4135, +3146, +5153,
SFD :19( 471:(W 431;(W
5 Idfwruv +413:, +4187, +516<,
SFD 91<( 4515( 451<(W
6 Idfwruv +413;, +416:, +51;3,
Foxvwhu 91:( 918( <19(W
4t| Qrgh +31<;, +319<, +5148,
Foxvwhu 4517(W <19( 4313(W
5?_ Qrgh +41:6, +4134, +5157,
Foxvwhu 71;( 417( <15(W
6h_ Qrgh +31::, +314:, +5134,
Qrwh= w￿vwdwlvwlfv duh jlyhq lq eudfnhwv1 Wkh ￿ lqglfdwhv wkdw wkh uhwxuqv kdyh erwk d kljkhu phdq dqg
d kljkhu w￿vwdwlvwlfv wkdq iru wkh Zruog pdunhw lqgh{1
63ehqfkpdun1 Dq h{fhswlrq lv wkh uhfhqw 4<<; fulvlv zkhq wkh fruuhodwlrq ehwzhhq doo pdunhwv
zdv yhu| kljk/ zklfk pdnhv dq| glyhuvl￿fdwlrq ehwzhhq pdmru htxlw| pdunhw doprvw xvhohvv1
L kdyh uhsuhvhqwhg khuh wkh ehvw shuiruplqj prgho/ dqg wkh Vxoolydq hw do1 +4<<<, vwxg| rq
gdwd0vqrrslqj vkrxog eh nhsw lq plqg khuh1 Qhyhuwkhohvv/ lw vkrxog eh qrwhg wkdw doo ri wkh
plqlpxp yduldqfh sruwirolrv shuiruphg ehwwhu/ lq whupv ri phdq uhwxuqv dqg w￿vwdwlvwlfv wkdq
wkh ehqfkpdun1 L h{sodlq wkh srruhu shuirupdqfh ri wkh rwkhu vhohfwhg srlqwv rq wkh iurqwlhu
+ulvn dyhuvlrq frh￿flhqw htxdo wr wzr dqg wkh pd{lpxp uhwxuq2ulvn srlqw, e| wkh idfw wkdw qr
pd{lpxp zhljkw wkdw frxog eh dwwulexwhg wr d vlqjoh dvvhw zdv lpsrvhg wr wkh rswlpl}dwlrq
surfhgxuh1 Lq wrr pdq| fdvhv ryhu wlph wkh vroxwlrq zdv d 433( doorfdwlrq wr d vlqjoh dvvhw/
zklfk zrxog qhyhu eh wrohudwhg e| d %uhdo zruog% sruwirolr pdqdjhu1
 
	
Wklv sdshu kdv glvfxvvhg ydulrxv dvshfwv ri g|qdplf lqwhuqdwlrqdo sruwirolr doorfdwlrq1 Uhfhqw
vwxglhv vxjjhvw wkdw lqwhuqdwlrqdo dvvhw uhwxuqv/ phdvxuhg lq wkh fxuuhqf| ri wkh frxqwu| ri
uhihuhqfh/ fdq eh h{sodlqhg e| d pxowl0idfwru prgho zkhuh wkh lqyhvwru lv uhpxqhudwhg lq whupv
ri h{shfwhg uhwxuqv iru ehdulqj ulvn iurp ydulrxv vrxufhv1 Wkhvh ulvnv lqfoxgh d %pdunhw ulvn%
+zklfk lv wudglwlrqdoo| phdvxuhg e| wkh fryduldqfh ri dvvhw uhwxuqv zlwk d Zruog Pdunhw Lqgh{,/
dqg wkh ydulrxv fxuuhqf| ulvnv +phdvxuhg e| wkh fryduldqfhv ehwzhhq dvvhw uhwxuqv dqg uhwxuqv
rq wkh iruhljq fxuuhqflhv,1 Zlwk hdfk ri wkhvh ulvn vrxufhv lv dvvrfldwhg d sulfh ri ulvn/ ru ulvn
suhplxp/ zklfk lv lqwhusuhwhg dv wkh uhpxqhudwlrq iru ehdulqj wkh jlyhq ulvn1 Vxfk d iudphzrun
lv riwhq uhihuuhg wr dv wkh %dvvhw sulflqj uhvwulfwlrqv%/ ehfdxvh lw vwdwhv wkh olqhdu uhodwlrq ehwzhhq
dvvhw uhwxuqv rq rqh vlgh/ dqg sulfhv dqg txdqwlwlhv ri ulvn rq wkh rwkhu vlgh1 D ixoo prgho wkdw
fdq eh xvhg iru iruhfdvwlqj sxusrvhv lv rewdlqhg zkhq dgglwlrqdo k|srwkhvhv duh pdgh derxw wkh
g|qdplfv ryhu wlph ri wkh ulvn idfwruv rq rqh kdqg/ dqg wkh sulfhv ri ulvn rq wkh rwkhu1 Uhfhqw
olwhudwxuh vxjjhvwv wkdw vrxufhv ri ulvn/ lq wkh irup ri fryduldqfhv/ pd| zhoo eh prghohg e| vrph
DUFK surfhvv/ zkloh wkh sulfhv ri ulvn pd| zhoo eh h{sodlqhg e| pdfur0hfrqrplf yduldeohv vxfk
dv/ iru lqvwdqfh/ wkh zruog glylghqg |lhog1 Lw lv lpsruwdqw wr uhdol}h wkdw wkh fkrlfh ri wkhvh
vshfl￿fdwlrqv lv edvhg rq hfrqrplf lqwxlwlrq dqg %jrrg% hpslulfdo uhvxowv rewdlqhg lq pdq|
vwxglhv/ exw lv qrw gluhfwo| ghulyhg iurp dq hfrqrplf wkhru|1
Dv wkh phwkrgrorjlfdo fkrlfh pdgh lq pdq| vwxglhv uhpdlqv d olwwoh duelwudu| lq qdwxuh/ lw
lv lpsruwdqw wr lqyhvwljdwh rwkhu dssurdfkhv1 Diwhu doo/ lw pd| eh wkdw wkh uhodwlyh %vxffhvv% ri
wkh prgho lv gxh wr wkh idfw wkdw e| fkdqfh d phwkrgrorj| zdv vhohfwhg wkdw lv zhoo dgdswhg wr
d jlyhq klvwrulfdo gdwd vhw1 Lw lv lq wklv vslulw wkdw wkh hpslulfdo whvwv suhvhqwhg lq wklv sdshu
zhuh shuiruphg1 L wrrn d qrq wudglwlrqdo dssurdfk wr dqdo|}h dqg wr iruhfdvw zhhno| gdwd/ d
iuhtxhqf| jhqhudoo| ohiw dvlgh e| uhvhdufkhuv/ exw zklfk kdv wkh dgydqwdjh ri surylglqj d kljk
qxpehu ri uhfhqw revhuydwlrqv1 Zhhno| gdwd zhuh xvhg iurp Mdqxdu| 4<;7 wr Pdufk 4<<< +:<7
wlph revhuydwlrqv, iru uhwxuqv rq ￿yh pdmru htxlw| lqglfhv dqg d uhdo hvwdwh lqgh{/ dv zhoo dv iru
wkh uhwxuqv rq wkh dvvrfldwhg fxuuhqflhv1 D qrq0sdudphwulf DUFK vshfl￿fdwlrq zlwk wkuhvkrogv
zdv sursrvhg wr prgho frqglwlrqdo fryduldqfhv/ zkloh whfkqlfdo lqglfdwruv zhuh lqwurgxfhg wr
prgho wkh uhvshfwlyh ulvn suhplxpv1 Lq dgglwlrq wr dq lq0vdpsoh dqdo|vlv/ h{whqvlyh rxw0ri0
vdpsoh whvwv zhuh shuiruphg wr phdvxuh wkh sudfwlfdo xvh ri vxfk d phwkrgrorj|1 Sudfwlwlrqhuv
duh lq jhqhudo vfhswlfdo derxw doorfdwlrq ru wudglqj prghov ghyhorshg e| dfdghplfv/ ehfdxvh
lpsruwdqw frqvwudlqwv idfhg e| d sruwirolr pdqdjhu duh wrr riwhq qrw wdnhq lqwr dffrxqw1 Wkh
rxw0ri0vdpsoh whvwv duh edvhg rq d orqj vhulhv ri 763 gdwd srlqwv wkdw uhsuhvhqw wkh uhwxuqv rq d
vlpxodwhg sruwirolr edvhg rq wkh prgho*v iruhfdvwv ri h{shfwhg uhwxuqv dqg fryduldqfhv1
Erwk wkh yduldelolw| ri wkh uhvxowv ryhu wkh rxw0ri0vdpsoh shulrg ri 763 revhuydwlrqv dqg
wkh gl￿huhqw uhvxowv rewdlqhg iru wkh ydulrxv prghov whvwhg vxjjhvw wkh gl￿fxow| ri iruhfdvwlqj
64dvvhwv* ￿uvw dqg vhfrqg rughu prphqwv1 Dovr/ zkhq wkh h￿flhqw iurqwlhu lv ghulyhg edvhg rq
qh{w shulrg*v hvwlpdwhv ri dvvhwv* h{shfwhg uhwxuqv dqg yduldqfhv0fryduldqfhv/ d sduwlfxodu srlqw
rq wkh iurqwlhu kdv wr eh vhohfwhg wkdw uh￿hfwv wkh lqyhvwru*v dwwlwxgh wrzdugv ulvn1 Wkh srlqw
zlwk wkh kljkhvw uhwxuq2ulvn udwlr dqg wkh srlqw zklfk fruuhvsrqgv wr wkh rswlpdo sruwirolr iru
dq lqyhvwru zlwk d ulvn dyhuvlrq frh￿flhqw ri wzr riwhq jhqhudwhg zruvh rxw0ri0vdpsoh uhvxowv
wkdq/ iru h{dpsoh/ wkh plqlpxp yduldqfh srlqw1 Wkhvh ￿qglqjv frq￿up wkh %gdwd vqrrslqj%
slwidoo= zkhq d odujh qxpehu ri prghov ru dowhuqdwlyhv lv h{dplqhg wkhuh zloo dozd|v eh vrph ri
wkhp wkdw shuirup yhu| zhoo/ erwk lq0vdpsoh dqg rxw0ri0vdpsoh1 L eholhyh wklv lvvxh/ wrr riwhq
qhjohfwhg/ vkrxog eh nhsw lq plqg lq dq| uhvhdufk ri wkh nlqg1
Qhyhuwkhohvv/ d ihz lqwhuhvwlqj uhvxowv kdyh hphujhg iurp wkh whvwv1 Wr ehjlq zlwk/ wkh
qrq0sdudphwulf dssurdfk suhvhqwhg vhhpv srzhuixo lq fuhdwlqj uhjlphv zlwk gl￿huhqw hfrqrplf
lqwhusuhwdwlrqv dqg lq zklfk yhu| gl￿huhqw sdudphwhu hvwlpdwhv duh rewdlqhg1 Ixuwkhupruh/
wkh orqj vhulhv ri vlpxodwhg uhwxuqv vxjjhvw wkdw wkh dssurdfk lv dovr uhodwlyho| urexvw rxw0ri0
vdpsoh/ dqg wkhuhiruh lghdoo| vxlwhg iru qh{w shulrg*v rswlpdo doorfdwlrq dssolfdwlrqv1 Vhohfwlqj
v|vwhpdwlfdoo| wkh srlqw rq wkh h￿flhqw iurqwlhu wkdw fruuhvsrqgv wr wkh plqlpxp yduldqfh
sruwirolr surylghg hfrqrplfdoo| vljql￿fdqw lpsuryhphqwv ryhu wkh Zruog Lqgh{/ erwk lq whupv
ri dfklhyhg dyhudjh uhwxuqv +iurp ;1<( iru wkh ehqfkpdun wr ehwzhhq <15( dqg 451<( iru wkh
gl￿huhqw prghov, dqg lq whupv ri ulvn/ phdvxuhg e| wkh w￿vwdwlvwlfv ri wkhvh uhwxuqv +iurp 4179
iru wkh ehqfkpdun wr ehwzhhq 5134 dqg 51;3 iru wkh frqglwlrqdo prghov,1
Wkhvh vwurqj dqg urexvw uhvxowv vxjjhvw wkdw wkh ydulrxv whfkqltxhv suhvhqwhg lq wklv vwxg|
pd| frqvwlwxwh srzhuixo wrrov lq ghvljqlqj rswlpdo sruwirolr doorfdwlrq prghov edvhg rq wlph
ydu|lqj vrxufhv ri ulvn dqg sulfhv ri ulvn1 Wkh iudphzrun vhhpv lghdoo| vxlwhg iru ghulylqj ydulrxv
qrq sdudphwulf vshfl￿fdwlrqv/ zkhuh ulvn suhplxpv pd| eh hvwlpdwhg xvlqj lqvwuxphqwv wkdw
lqfoxgh odjjhg ydoxhv ri pdfur0hfrqrplf yduldeohv +dv grqh lq prvw suhylrxv vwxglhv,/ exw dovr
whfkqlfdo lqglfdwruv +dv grqh lq wklv vwxg| dqg d frpsdqlrq sdshu,1 Jrrg uhvxowv pd| dovr eh
h{shfwhg zkhq wkh ￿qdqfldo lqvwlwxwlrq*v rzq qh{w shulrg*v hvwlpdwhv iru pdfur0hfrqrplf uhodwhg
yduldeohv hqwhu wkh prgho/ udwkhu wkdq vlpso| odjjhg ydoxhv1
Ghyhorslqj wrrov xvhixo lq ghwhuplqlqj wkh rswlpdo dqg wlph ydu|lqj sruwirolr doorfdwlrq iru
dq lqwhuqdwlrqdoo| joredo glyhuvl￿hg lqyhvwru lv fkdoohqjlqj/ erwk iru wkh sudfwlwlrqhu dqg iru
wkh dfdghplf uhvhdufkhu1 Dv wklv vwxg| kdv vkrzq/ lw lv dq duhd ri uhvhdufk zlwk pdq| slwidoov
exw dovr zkhuh wrrov fdq eh ghyhorshg wkdw ohdg wr vljql￿fdqwo| lpsuryhg sruwirolr uhwxuqv dqg
ulvn fkdudfwhulvwlfv1 Ixwxuh uhvhdufk vkrxog uhpdlq irfxvhg rq vlpsoh dssurdfkhv zklfk duh
hfrqrplfdoo| phdqlqjixo/ vr dv wr nhhs d jrrg rxw0ri0vdpsoh urexvwqhvv/ zkloh lw pd| lqfoxgh
ohvv %wudglwlrqdo% yduldeohv vxfk dv lqglfdwruv ghulyhg iurp whfkqlfdo dqdo|vlv1
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41 Deudkdp/ M1 P1/ Z1 P1 Jrhw}pdqq dqg V1 P1 Zdfkwhu/ 4<<7/ Krprjhqhrxv jurxslqjv ri
phwursrolwdq krxvlqj pdunhwv/ Mrxuqdo ri Krxvlqj Hfrqrplfv 6/ 4;905391
51 Dgohu/ P1/ dqg Gxpdv/ E1/ 4<;6/ Lqwhuqdwlrqdo Sruwirolr Vhohfwlrq dqg Frusrudwlrq Il0
qdqfh= D V|qwkhvlv/ Mrxuqdo ri Ilqdqfh 79/ <580<;71
61 Dqguhzv/ K1 I1/ 4<:4/ D foxvwhu dqdo|vlv ri Eulwlvk wrzqv/ Xuedq Vwxglhv ;/ 5:405;41
71 Duqrww/ U1 G1/ 4<;3/ Foxvwhu dqdo|vlv dqg vwrfn sulfh pryhphqw/ Ilqdqfldo Dqdo|vwv Mrxu0
qdo 69/ 890951
81 Edhu/ M1 G1/ 4<<6/ Dq hpslulfdo lqyhvwljdwlrq ri ulvn fodvvhv= duh frpprq sur{lhv ydolgB/
Txduwhuo| Uhylhz ri Hfrqrplfv dqg Ilqdqfh 66/ 6607<1
91 Eodfn/ I1/ 4<;</ Rswlpl}lqj fxuuhqf| ulvn dqg uhzdug lq lqwhuqdwlrqdo htxlw| sruwirolrv/
Ilqdqfldo Dqdo|vwv Mrxuqdo/ Mxo|0Dxjxvw/ 490551
:1 Eodfn/ I1/ 4<:5/ Fdslwdo pdunhw htxloleulxp zlwk uhvwulfwhg eruurzlqj/ Mrxuqdo ri Exvlqhvv
78/ 77707881
;1 Eodfn/ I1/ P1 F1 Mhqvhq dqg P1 Vfkrohv/ 4<:5/ Wkh fdslwdo dvvhw sulflqj prgho= vrph
hpslulfdo whvwv/ lq P1 F1 Mhqvhq/ hg1/ Vwxglhv lq wkh Wkhru| ri Fdslwdo Pdunhwv Qhz \run=
Sudhjhu/ :<04541
<1 Eroohuvohy/ W1/ U1 I1 Hqjoh dqg M1 P1 Zrrogulgjh/ 4<;;/ D Fdslwdo Dvvhw Sulflqj Prgho
zlwk wlph0ydu|lqj fryduldqfhv/ Mrxuqdo ri Srolwlfdo Hfrqrp| <9/ 44904641
431 Gh Vdqwlv/ J1/ dqg E1 J￿ hudug/ 4<<:/ Lqwhuqdwlrqdo Dvvhw Sulflqj dqg Sruwirolr Glyhuvl￿fd0
wlrq zlwk Wlph0Ydu|lqj Ulvn/ Mrxuqdo ri Ilqdqfh 85/ 4;;404<451
441 Gh Vdqwlv/ J1/ dqg E1 J￿ hudug/ 4<<;/ Krz Elj lv wkh Suhplxp iru Fxuuhqf| UlvnB/ Mrxuqdo
ri Ilqdqfldo Hfrqrplfv 7</ 6:807451
451 Gh Vdqwlv/ J1/ E1 J￿ hudug/ dqg S1 Kloolrq/ 4<<;/ Lqwhuqdwlrqdo Sruwirolr Pdqdjhphqw Fxu0
uhqf| Ulvn dqg wkh Hxur/ Zrunlqj Sdshu1
461 Gxpdv/ E1/ dqg E1 Vroqln/ 4<<8/ Wkh Zruog Sulfh ri Iruhljq H{fkdqjh Ulvn/ Mrxuqdo ri
Ilqdqfh 83/ 77807:<1
471 Howrq/ H1 M1 dqg P1 M1 Juxehu/ 4<:4/ Lpsuryhg iruhfdvwlqj wkurxjk wkh ghvljq ri krprjh0
qhrxv jurxsv/ Mrxuqdo ri Exvlqhvv 77/ 76507831
481 Idpd/ H1 I1 dqg N1 U1 Iuhqfk/ 4<<5/ Wkh furvv0vhfwlrq ri h{shfwhg uhwxuqv/ Mrxuqdo ri
Ilqdqfh 7:/ 75:07981
491 Idpd/ H1 I1 dqg M1 G1 PdfEhwk/ 4<:6/ Ulvn/ uhwxuq/ dqg htxloleulxp= hpslulfdo whvw/
Mrxuqdo ri Srolwlfdo Hfrqrp| 4/ 93:096:1
4:1 Iudvhu/ S1/ I1 Kdpholqn/ P1 H1 Krhvol dqg E1 PdfJuhjru/ 5333/ Wlph0ydu|lqj ehwdv dqg
furvv0vhfwlrqdo uhwxuq0ulvn uhodwlrq= hylghqfh iurp wkh XN/ Hxurshdq Mrxuqdo ri Ilqdqfh/
iruwkfrplqj1
4;1 Iurrw/ Nhqqhwk D1/ 4<<6/ Fxuuhqf| khgjlqj ryhu orqj krul}rqv/ Pd|/ QEHU Zrunlqj
Sdshu qr1 76881
664<1 Jdugqhu/ Judqw Z1/ dqg G1 Vwrqh/ 4<<8/ Hvwlpdwlqj fxuuhqf| khgjh udwlrv iru lqwhuqdwlrqdo
sruwirolrv/ Ilqdqfldo Dqdo|vwv Mrxuqdo/ Qryhpehu0Ghfhpehu/ 8;0971
531 Jdvwlqhdx/ J1 O1/ 4<<8/ Wkh fxuuhqf| khgjlqj ghflvlrq= d vhdufk iru v|qwkhvlv lq dvvhw
doorfdwlrq/ Ilqdqfldo Dqdo|vwv Mrxuqdo/ Pd|0Mxqh/ ;04:1
541 Jlolehuwr/ P1/ I1 Kdpholqn/ P1 H1 Krhvol dqg E1 PdfJuhjru/ 4<<</ Rswlpdo glyhuvl￿fdwlrq
zlwklq pxowl0dvvhw sruwirolrv xvlqj d frqglwlrqdo khwhurvfhgdvwlflw| dssurdfk= hylghqfh
iurp wkh XV dqg wkh XN/ Mrxuqdo ri Uhdo Hvwdwh Sruwirolr Pdqdjhphqw/ Yroxph 8/ Qxpehu
4/ 640791
551 Jlxoldqr/ J1 dqg N1 D1 Vpdoo/ 4<<4/ Vxefhqwhuv lq wkh Orv Dqjhohv uhjlrq/ Uhjlrqdo Vflhqfh
dqg Xuedq Hfrqrplfv 54/ 49604;51
561 Jrhw}pdqq/ Z1 Q1 dqg V1 P1 Zdfkwhu/ 4<<8/ Foxvwhulqj phwkrgv iru uhdo hvwdwh sruwirolrv/
Uhdo Hvwdwh Hfrqrplfv 56/ 5:406431
571 Jrxul￿ hurx{/ F1 dqg D1 Prqiruw/ 4<<5/ Txdolwdwlyh wkuhvkrog DUFK prghov/ Mrxuqdo ri
Hfrqrphwulfv 84/ 48<04<<1
581 Juryh/ G1 P1 dqg F1 D1 Urehuwv/ 4<;3/ Sulqflsdo frpsrqhqw dqg foxvwhu dqdo|vlv ri 4;8
odujh wrzqv lq Hqjodqg dqg Zdohv/ Xuedq Vwxglhv 4:/ ::0;51
591 Kdplowrq/ M1 G1/ 4<<3/ Dqdo|vlv ri wlph vhulhv vxemhfw wr fkdqjhv lq uhjlph/ Mrxuqdo ri
Hfrqrphwulfv 78/ 6<0:31
5:1 Mrkqvrq/ V1 F1/ 4<9:/ Klhudufklfdo foxvwhulqj vfkhphv/ Sv|fkrphwulnd 65/ 57405871
5;1 Nulw}pdq/ Pdun/ 4<<6/ Wkh rswlpdo fxuuhqf| khgjlqj srolf| zlwk eldvhg iruzdug udwhv/
Mrxuqdo ri Sruwirolr Pdqdjhphqw/ <704331
5<1 Phuwrq/ U1/ 4<;3/ Rq hvwlpdwlqj wkh h{shfwhg uhwxuq rq wkh pdunhw= dq h{sorudwru|
lqyhvwljdwlrq/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv ;/ 65606941
631 Shwwhqjloo/ J1 Q1/ V1 Vxqgdudp dqg L1 Pdwkxu/ 4<<8/ Wkh frqglwlrqdo uhodwlrq ehwzhhq ehwd
dqg uhwxuqv/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv 63/ 43404491
641 Srwwhu/ V1 P1/ 4<<8/ D qrqolqhdu dssurdfk wr XV JQS/ Mrxuqdo ri Dssolhg Hfrqrphwulfv
43/ 43<04581
651 Uroo/ U1/ 4<::/ D fulwltxh ri wkh dvvhw sulflqj wkhru|*v whvwv1 Sduw 4/ Mrxuqdo ri Ilqdqfldo
Hfrqrplfv 4/ 45<04:91
661 Vhufx/ S1/ 4<;3/ D jhqhudol}dwlrq ri wkh lqwhuqdwlrqdo dvvhw sulflqj prgho/ Uhyxh gh o*Dvvr0
fldwlrq Iudqfdlvh gh Ilqdqfh 4/ <404681
671 Vroqln/ E1 4<:7/ Dq htxloleulxp prgho ri wkh lqwhuqdwlrqdo fdslwdo pdunhw/ Mrxuqdo ri
Hfrqrplf Wkhru| ;/ 83308571
681 Vroqln/ E1/ 4<<6/ Wkh shuirupdqfh ri lqwhuqdwlrqdo dvvhw doorfdwlrq vwudwhjlhv xvlqj frqgl0
wlrqlqj lqirupdwlrq/ Mrxuqdo ri Hpslulfdo Ilqdqfh 4/ 660881
691 Vxoolydq/ U1/ D1 Wlpphupdqq/ dqg K1 Zklwh/ 4<<</ Gdwd0vqrrslqj/ whfkqlfdo wudglqj uxoh
shuirupdqfh/ dqg wkh errwvwuds/ Mrxuqdo ri Ilqdqfh 8/ 497: 0 49<41
676:1 Whu￿ dvyluwd/ W1 dqg K1 Dqghuvrq/ 4<<5/ Prghoolqj qrqolqhdulwlhv lq exvlqhvv f|fohv xvlqj
vprrwk wudqvlwlrq dxwruhjuhvvlyh prghov/ Mrxuqdo ri Dssolhg Hfrqrphwulfv :/ 44<04691
6;1 Wrqj/ K1/ 4<<3/ Qrq0olqhdu wlph vhulhv= d g|qdplfdo v|vwhp dssurdfk/ R{irug Xqlyhuvlw|
Suhvv/ R{irug1
6<1 Ydq Srhfn/ D1 dqg M1 Ydq Jrpsho/ 4<<7/ Grplqdqw lqwhuhvw dqg lq￿dwlrq gl￿huhqwldov
zlwklq wkuhh HPV= d frpphqw/ Hxurshdq Hfrqrplf Uhylhz 6;/ 4994049961
731 Ydudg|/ G1 S1/ 4<<4/ Vhjphqwdwlrq ri wkh krph ex|hu pdunhw= d Flqflqqdwl vwxg|/ Xuedq
D￿dluv Txduwhuo| 59/ 87<08991
68